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Abstract 

^  This  research  investigates  the  cost  and  budget  modifications  to  Mixmaster  which  is  an  aggre¬ 
gate  version  of  the  Theater  Attack  Model  (TAM).  Seven  simple  cost  employment  methods,  a  goal 
programming  approach,  a  probabilistic  approach  for  determining  cost  coefficients,  and  a  goal  pro¬ 
gramming  version  of  that  probabilistic  approach  were  applied  to  Mixmaster.  Also,  Mixmaster  was 
enhanced  with  an  additional  leading  constraint  to  incorporate  the  Air  Force  tactical  considerations 
in  a  campaign  scenario.  The  results  favor  the  advantages  of  the  goal  programming  approaches.  In 
addition,  the  probabilistic  approach  introducing  the  time  factor  in  the  computations  promises  more 
accurate  resuits,  given  that  the  required  parameters  are  estimated  accurately.  For  further  enhance¬ 
ments;  first,  a  ranked  goal  programming  application  to  Mixmaster  is  recommended  upon  condition 
that  an  efficient  software  pickage  is  used.  Second,  an  investigation  of  methods  to  determine  better 
estimates  of  the  probabilistic  approach  parameters  is  proposed. 
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Preface 


The  pu'pose  of  this  research  is  to  modif}'  the  Tactical  A',r  CommaBd  (TAC) 
Campaign  model  that  the  Joint  Study  Group  (JSG)  uses  to  det'-rmine  procurement 
needs.  Mixmaster  is  an  aggregate  version  of  the  Theater  .Auack  Model  (TAM) 
which  is  a  large  scale  Linear  Program  (LP)  that  the  .Air  Force  Center  for  Studies 
and  Anal>  ■  es  (.AFCS.A)  current!}'  employs  for  some  of  their  analyses.  This  research 
develops  four  basic  cost  and  budget  modifications  for  the  Mixmaster  model. 
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Abstract 

The  Theater  Attack  Model  (TAM)  is  a  large  scale  linear  program  (LP)  that 
the  Air  Force  Center  for  Studies  and  Analysts?  (AFCSA)  uses  to  aid  the  decision 
inakc'ts  in  making  procurement  and  budget  decisions.  Through  the  years,  TAM  has 
been  modified  by  the  other  analysis  agencies  of  the  Air  Force.  Mixmaster  is  one  of 
the  aggregated  versions  of  TAM  that  the  .Joint  Studies  Croup  (JSC)  of  the  Tactical 
Air  Command  (T.AC)  currciith-  uses.  However,  Mixmaster  docs  not  include  cost  and 
budget  issues  in  its  current  linear  configuration. 

This  research  investieates  the  cost  and  budget  modifications  to  Mixmaster. 
Seven  simple  cost  employment  methods,  a  goal  programming  approach,  a  proba¬ 
bilistic  approach  for  determining  cost  coefficients,  and  a  goal  programming  version 
of  that  probabilistic  approach  were  applied  to  Mixmaster.  .Also,  Mixmaster  was  en¬ 
hanced  with  an  additional  leading  constraint  to  incorporate  the  .Air  Force  tactical 
considerations  in  a  campaign  scenario. 

The  results  favor  the  advantages  of  the  goal  |>rograinming  approaches.  In 
addition,  the  probabilistic  approach  introducing  the  time  factor  in  the  computations 
promises  more  accurate  results,  given  that  the  required  parameters  are  estimated 
accuratel}^ 

For  furthc:  enhancements:  first,  a  ranked  goal  programming  application  to 
Mixmaster  is  recommended  upon  condition  that  an  efficient  software  package  is  u.sed. 
Second,  an  invest  igation  of  methods  to  determine  better  estimates  of  the  probabilistic 
approach  parameters  is  proposed. 


AN  INVESTIGATION  OF  MODIFICATIONS 
TO  THE  TAC  CAMPAIGN  MODEL 


L  INTRODUCTION 


1. 1  Background 

Senior  decision  makers  are  concerned  about  anticipating  future  needs  for  procur¬ 
ing  aircraft,  munitions  and  spare  parts.  .Accordingly,  tlic  United  States  .Air  Force 
(US.AF)  charges  the  .Air  Force  Center  for  Studies  and  .Analyses  (AFCS.A)  to  con¬ 
duct  studies  associated  with  various  constraints  on  procurement.  These  constraints 
include  budget  changes;  aircraft  and  munition  effectiveness;  target  values;  attrition 
rates;  the  cost  of  current  and  forecast  aircraft;  munitions  and  spares;  existing  force 
structure  of  aircraft  and  munitions;  weather;  length  of  mission  and  length  of  conflict. 
“Currently,  AFCSA  uses  the  Theater  .Attack  Model  (TAM),  a  large-scale  linear  pro¬ 
gram  (LF),  in  thc.se  analy.ses  to  evaluate  theater  level  tactical  operations  in  support 
of  procurement  decisions”  (3:1). 

TAM  lias  been  exported  to  other  analy.sis  centers  and  major  commands  that 
are  seeking  a  better  understanding  of  the  influence  of  budget  and  the  marginal  restilts 
of  different  operational  capabilities.  There  are  different  versions  of  T.AM  in  terms  of 
the  entity  bases  (i.c.,  indices)  that  arc  included.  The  sheer  size  of  TAM  makes  it  one 
of  the  largest  LPs  tlie  Pentagon  regularly  luses  (generally  with  3500  constraints  and 
250000  variables).  However,  the  size  of  this  full  version  of  TAM  is  not  convenient 
for  use  by  small  agencies  or  sub  commands.  For  their  convenience,  smaller  versions 
of  TAM  were  devcloj)ed.  They  are  easier  to  manipulate;  they  also  provide  strong 
insight  despite  their  small  .size. 
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1.2  The  T.AM  Linear  Program 


To  understand  TAM  as  an  LP,  it  is  \vorth>vhilc  to  briefly  discuss  linear  pro¬ 
gramming.  For  many  inroplc,  LP  is  considered  among  the  most  important  scientific 
developments  of  the  mid-twentieth  century.  The  foundation  of  LP  goes  back  to  the 
studies  done  within  the  military-  procurement  area  during  and  after  World  War  II 
with  project  SCOOP.  This  project  was  directed  by  George  Dantzig  who  later  devel¬ 
oped  the  simplex  method  which  facilitates  linear  programming  computations  [3:1]. 


The  impact  of  LP  has  been  extraordinary^  Today,  it  is  a  standard  tool 
that  has  saved  many  thousands  or  millions  of  dollars.  What  it  basically' 
does,  is  to  allocate  limited  resources  among  competing  alternatives  in  the 
best  possible  way  (i.c.  optimal).  [5:23] 


In  the  mid  1980s,  strict  weapons  effectiveness  studies  became  inadequate  due 
to  their  lack  of  real-life  conflict  parameters.  In  response,  LtCoI  Robert  J.  Might 
developed  a  model  which  measures  the  value  of  a  particular  weapon  system  or  mu¬ 
nition  in  the  context  of  an  entire  conflict  in  a  theater  war.  The  model  attempts  to 
provide  deeper  insight  on  the  following  questions: 


•  How  much  of  a  weapon  system’s  effectiveness  can  be  covered  by 
other  systems? 

•  How  would  attrition  affect  a  current  or  proposed  weapon  system? 

•  How  effective  is  every  wcai)on  system  and  munition  combination 
against  every  available  target  tyqje? 

•  How  often  will  a  particular  weapon  system  and  munition  combina¬ 
tion  be  turned  in  a  war?  How  many  of  these  sortie  types  can  be 
realistically  supported? 

•  How  long  will  a  weapon  system  and  munition  combination  remain 
effective? 

•  If  a  new  weapon  system  is  not  selected  for  production,  will  the 
loss  of  marginal  effectiveness  be  replaced  by  another  weapon  sys¬ 
tem/munition  combination? 
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•  Would  the  entrance  of  a  ne%v  weapon  system  into  the  inventory 
remove  all  need  for  an  older  weapon  system?  [3:2-3] 

Might  states  that  “a  strict  weapon  system  anah'sis  cannot  answer  these  ques¬ 
tions"  [7:55-63]  However.  TAM,  with  its  inherent  parameters  such  as  multi-period 
conflict,  multiple  weather  bands,  multiple  sortie-distance,  multiple  aircraft-munitions 
and  multiple  spare  resources,  computes  optinialit3'  while  accounting  for: 


•  effectiveness  of  each  aircraft  and  munition  combination  againrt  each 
target  tx'pc, 

•  expected  attrition  of  each  aircraft  against  each  target  type, 

•  dail}'  sortie  rates  for  each  weapon  system, 

•  current  inventories  of  aircraft,  munitions,  and  spare  parts, 

•  the  numbers  and  values  of  enemy  targets,  da}'  by  da}',  including  the 
effects  of  r<;placements, 

•  procurement  costs  of  new  aircraft,  munitions  and  spare  parts, 

•  the  value  of  span)  parts  tc  increase,  decrease  or  maintain  sortie  rates 
(3:3|. 

Further,  TAM  was  extended  in  terms  of  the  entities  to  include  the  capability  to 
consi<ler  air  base  operability  and  the  effectiveness  of  electronic  countermeasures  to 
aircraft  survivability  [3:3]. 

Unlike  the  construction  of  some  other  sensitive  LPs,  TAM’s  construction  is 
very  flexible  and,  as  such,  may  be  used  for  different  purposes;  ergo,  many  of  the 
TAC  components  have  modified  3'AM’s  construction  to  meet  their  study  objectives. 
Among  these  components,  the  Joint  Studies  Group  (JSG)  has  increased  its  involve¬ 
ment  with  the  USAF  Munitions  Roadmap  and  has  realized  the  need  for  a  model 
which  can  i)rovide  timely,  operational ly-sound  answers  while  retaining  the  flexibil¬ 
ity  to  handle  a  variety  of  questions.  JSG  has  developed  the  Mixmaster  model,  a 
scaled-down  version  of  TAM,  to  provide  decision  makers  with  an  analytical  tool  for 
delerinining  munitions  requirements.  Mixmaster  has  six  parameters  representing 
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aircraft  type,  u'capon  type,  target  type,  distance  band,  time,  and  weather  condition. 
This  aggregate  model  includes  fewer  parameters  than  T.AM  which  means  less  compu¬ 
tation  time;  hence  it  presents  quick  solutions  even  when  run  on  desktop  computers. 
In  terms  of  the  weapon.-;  in  T.4C’s  inventory,  with  this  configuration,  Mixm^lstc^  is 
capable  of  providing  adequate  insight  to  the  .JSC  anah'sts.  (4j. 

1.3  Purpose  of  the  Resccrch 

Currently,  Mixmastcr  has  constraints  associated  with  aircraft,  munitions,  and 
targets.  The  objective  function  is  to  maximize  Target  Value  Destroyed.  The  pri¬ 
mary  decision  variable  of  the  model  is  Number  of  Sorties  Flown.  Nevertheless,  tliis 
construction  of  the  model  does  not  relate  the  decision .  variable  to  any  cost  figures. 
Therefore,  Mixmaster  does  not  answer  questions  about  cost  while  optimizing  the 
Target  Value  Destroyed.  Moreover,  some  concerns  of  decision  makers  about  the 
model’s  operational  accuracy  in  a  theater  conflict  questioned  the  reliability  of  Mix- 
master.  Also,  the  uncertainty  of  the  budget  raised  another  problem  for  the  model. 
Decision  makers  were  not  satisfied  by  the  answers  based  upon  the  predetermined 
budget  figure  in  the  model.  Regarding  these  concerns,  the  purpose  of  this  study  is 
to  improve  the  operational  accuracy  of  Mixmastcr  and  to  investigate  modifications 
employing  cost  and  budget  figures  appropriately. 

1.4  Problem  Statement 

As  mentioned,  the  objective  function  of  Mixmaster  maximizes  the  Target  Value 
Destroyed.  The  LP  model  solves  for  the  Number  of  Sorties  that  should  be  flown  by 
each  combination  of  aircraft  and  munition  for  every  target,  distance  band,  time,  and 
weather  condition.  Earlier  attempts  to  modify  the  objective  function  with  aircraft 
costs  so  as  to  maximize  Target  Value  Destroyed  per  Aircraft  Dollar  revealed  an 
inconsistency  between  LP  results  and  air  operations  expectations.  LP  optimization 
techniques  treat  the  cost  coefficients  as  penalties  to  avoid.  Hence,  according  to 


the  solutions,  an  aircraft  with  a  cost  of  $20  million  must  alwa3's  be  preferred  to 
an  aircraft  with  a  cost  of  $60  million-  For  instance,  the  winner  of  the  F-16  versus 
the  F-i5  in  a  scenario  where  the  attrition  rates  are  similar  for  both  will  always  be 
the  F-16  since  its  cost  is  substantially  less  than  the  F-15’s.  This  occurs  because 
the  difFereiu'.e  in  yield — target  killed  per  sortie  by  the  aircraft — of  these  two  distinct 
aircraft  remains  insignificant  when  compared  to  the  difference  in  cost  of  the  two 
aircraft.  The  model  always  produces  these  kinds  of  solutions  because  it  does  not 
permit  the  !o'S  of  an  aircraft  with  a  substantial  cost  and  it  never  prefers  to  use  that 
costly  aircraft.  Therefore,  the  model  seems  to  hinder  the  tactics  of  decision  makers 
by  disregarding  the  use  of  more  costly,  possibly  more  effective,  aircraft. 

In  addition,  Mixmaster  does  not  include  a  budget  constraint  in  its  current 
configuration.  Lacking  a  budget  constraint  causes  some  uncertainties  in  decision 
making  process  since  it  is  probable  that  the  dedicated  budget  may  not  suffice  to 
afford  [)rocurement  needs.  If  procurement  needs  are  determined  accounting  for  a 
dedicated  budget  then  the  results  of  Mixmaster  will  be  more  sound. 

The  inconsistency  between  LP  results  and  air  operation  requirements  reveals 
another  deficiency  of  Mixmaster.  The  model  disregards  the  appropriate  use  of  air¬ 
craft  in  a  variety  of  munition  target  combinations.  For  instance,  results  show  Mix- 
master  can  allocate  the  A-10  aircraft  deep  in  enemy  territory  despite  the  fact  that 
A-lOs  are  supposed  to  be  allocated  for  close  air  support  missions  [4]. 

Consequently,  this  research  suggests  methods  to  improve  operational  accuracy 
and  investigate  modifications  of  the  model  by  using  techniques  to  include  costs  in  the 
objective  function;  a  goal  programming  approach  ;  a  probabilistic  approach  which 
determines  the  cost  coefficients;  and  a  goal  programming  version  of  that  probabilistic 
approach. 
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1.5  Overview  of  Subsequent  Chapters 

The  remainder  of  this  paper  synthesizes  the  research  and  results.  The  dynamic 
evolution  of  TAM  currently  takes  place  in  various  studies  and  analysis  centers  of 
the  USAF.  Because  of  classification,  documented  sources  about  the  applications  of 
TAM  are  few.  Chapter  2  focuses  on  the  developmental  phase  of  TAM  and  some 
suggested  improvements.  Chapter  3  covers  the  suggested  methods  for  the  inclusion 
of  cost  in  the  model.  Chapter  4  presents  the  investigation  of  the  methods  applied  by 
analyzing  the  results.  Chapter  5  presents  an  application  of  the  modifications  to  two 
cases.  Chapter  6  concludes  the  research  with  an  examination  of  the  best  approaches 
and  presents  recommendations  for  JSC.  Appendices  contain  the  inventory  levels 
for  aircraft  and  weapons,  the  JSG  formulation  of  Mixmaster  and  the  investigated 
modifications. 


1-6 


IL  LITERATURE  REVIEW 

2.1  h.troduction 

The  literature  review  focuses  on  the  following  topics:  a  general  overview  of  LP; 
a  developmental  and  informative  review  of  TAM  and  information  on  the  methodol¬ 
ogy.  The  first  topic  gives  a  concise  introduction  to  LP  structure  and  its  assumptions. 
The  second  topic  discusses  TAM  as  an  LP  application  for  weapon  allocation  and  pro¬ 
curement.  The  suggested  improvements  and  the  Mixmaster  model  are  reviewed.  The 
third  topic  reviews  the  applicability  of  the  suggested  methods. 

2.2  A  General  Overview  of  LP 

LP  is  an  optimization  technique  which  involves  linear  mathematical  models. 
The  adjective  linear  means  that  all  the  functions  in  this  mathematical  model  are 
required  to  be  linear.  Hillier  and  Lieberman  further  explain  programming  by  stating 
that  “the  word  programming  refers  to  the  planning  of  activities  to  obtain  an  optimal 
result”  [5:24]. 

Although  the  literature  most  frequently  cites  the  allocation  of  resources  to 
activities,  LP  has  a  wide  range  of  application  to  problems  whose  mathematical  model 
fits  the  very  general  format  of  LP.  Simply,  resources  are  usually  limited  in  supply;  the 
objective  and  limited  resources  have  linear  structure.  A  feasible  region  is  constructed 
with  respect  to  the  “moving”  objective  function.  This  general  format  can  be  defined 
as: 
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min(max)Z  =  cx 
st :  Ax  <  b 

X  >  0 

Hillier  and  Lieberman  mention  the  implicit  feature  of  assumptions  in  the  model 
formulation.  They  describe  proportionality,  additivity,  divisibilty,  and  certainty  as 
the  basic  assumptions  of  LP.  Proportionality  considers  the  activities  independently 
of  others.  Additivity  guarantees  that  the  objective  function  and  the  constraints  are 
linear  and  exclude  any  interactions  between  variables;  this  eliminates  cross  product 
terms.  Divisibility  allows  noninteger  solutions.  Certainty  requires  all  parameters  to 
be  known  constants  [5:31-36]. 

Bazaraa  et  al.  define  several  evolving  stages  in  LP.  In  the  first  stage,  problem 
formulation,  they  emphasize  a  detailed  study  of  the  system,  data  collection  and  the 
identification  of  the  problem.  The  second  stage,  which  involves  the  construction  and 
abstraction  of  the  problem  through  a  mathematical  model,  they  caution  the  analysts 
to  make  sure  the  model  represents  the  problem.  In  the  third  stage,  they  suggest 
using  a  proper  technique  to  derive  a  solution.  In  the  fourth  stage,  model  testing, 
includes  strong  insight  against  what-if  questions  (i.e.,  sensitivity  analysis).  In  the 
final  stage,  they  stress  that  the  model  should  aid  the  decision  making  process  and 
not  preempt  the  decision  maker’s  action  [1:7-8]. 

2.3  A  Developmental  and  Informative  Review  of  TAM 

The  amount  of  money  to  be  spent  on  how  many  items  is  a  paramount  question 
that  decision  makers  always  face.  From  the  point  of  view  of  an  Air  Force  decision 
maker,  that  question  becomes  “how  much  of  the  Air  Force  procurement  budget 
should  be  spent  on  the  many  different  aircraft  and  how  much  on  the  many  different 
munitions”  [7:55]? 


2-2 


Might,  having  reviewed  the  decisions  nmade  at  the  Department  of  Defense,  im¬ 
plies  that  whole  categories  of  decisions  have  been  described  as  unsuitable  for  the 
quantitative  approach.  However,  he  makes  a  distinction  only  in  one  area  where  such 
a  quantitative  approach  has  proved  useful.  That  area  is  the  budgeting  process  of  the 
USAF.  The  evidence  shows  that  an  analytical  tool  is  being  used  by  different  compo¬ 
nents  on  the  Air  Force  staff  to  support  decisions  related  to  aircraft  and  conventional 
munitions.  The  Air  Force  staff  has  been  developing  munitions  procurement  options 
using  quantitative  analysis — mostly  LP — for  a  number  of  years.  Although  the  ini¬ 
tial  process  is  an  important  improvement  in  the  Air  Force  decision  making  process. 
Might  points  out  the  deficiency  that  the  staff  officers  do  not  have  the  capability  to 
do  sensitivity  analysis.  In  addition,  the  methodology  used  ignores  the  existing  muni¬ 
tions  inventory  when  maximizing  the  target  value  killed  per  dollar  spent.  The  results 
always  require  the  procurement  of  new  munitions  for  every  target  that  is  near  the 
top  of  the  target  value  ranking.  Might  takes  advantage  of  the  existing  analytical  pro¬ 
cess  which  makes  the  assumptions  that  are  needed  to  make  the  objective  function 
linear  and  the  constraints  manageable.  As  the  originator  of  TAM,  he  approaches 
the  problem  in  the  context  of  a  theater-level  conflict  to  determine  the  impact  of 
budget,  attrition,  force  structure,  targeting  decisions  and  munitions  inventories  on 
warfighting  capability  in  a  theater  scenario.  [7:59].  TAM  was  modified  with  an  addi¬ 
tional  decision  variable  and  constraint  in  terms  of  basic  spare  parts  for  aircraft  and 
munitions. 


With  the  inclusion  of  spares  supportability  for  sorties  flown,  the  modified 
model  is  capable  of  providing  insight  to  the  best  allocation  of  additional 
budget  dollars  for  procurement  of  an  aircraft,  spares  and  munitions  to 
enhance  the  capability  to  destroy  targets  given  appropriate  limitations 
on  the  resources  which  are  of  concern.  [3:A-1] 


Answering  the  conceptual  questions  did  not  solve  the  problem  of  efficiency 
for  TAM.  Its  enormous  size  requires  substantial  CPU-time  in  the  solution  phase. 
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Jackson  investigated  advanced  LP  techniques  which  reduce  TAM’s  CPU-time.  He 
also  pointed  out  that  there  were  redundant  constraints  and  aggregating  them  based 
on  the  requirements  of  the  analj^sis  would  save  a  great  deal  of  CPU-time  [3]. 

In  its  complete  form,  TAM  has  the  ability  to  update  the  constraints  during  the 
conflict.  For  instance,  given  that  on  the  first  day  of  a  conflict,  some  of  the  targets 
were  destroyed,  on  the  second  day  TAM’s  construction  takes  care  of  restoring  the 
destroyed  targets.  Similarly,  given  that  there  are  90  aircraft  available  to  fly  on  the 
first  day,  it  updates  the  number  of  aircraft  avaiable  for  the  next  day  by  accounting 
for  the  aircraft  lost  on  the  first  day. 

Capt  Skip  Langbehn  of  JSG  approaches  TAM  by  eliminating  the  implicit  up¬ 
dating  constraints.  Instead,  he  employs  three  basic  constraints  associated  with  the 
total  available  aircraft,  the  total  available  munitions,  and  the  total  available  targets.- 
The  construction  of  his  model  assumes  that  the  new  munitions  are  already  in  the 
inventory.  If  the  solution  has  positive  values  for  the  new  munitions,  this  means  there 
is  a  need  to  buy  new  munitions.  Capt  Langbehn  runs  the  model  for  one  day,  and 
he  begins  the  next  run  with  the  initial  solution;  hence,  he  updates  the  data  for  each 
run  for  each  day  of  conflict.  As  an  example,  the  scenario  starts  with  60  targets;  at 
the  end  of  the  day  the  model  shows  destruction  of  30  targets.  By  accounting  for 
the  restored  targets — it  is  assumed  that  the  enemy  is  rebuilding  a  percentage  of  the 
destroyed  targets — he  starts  with  40  available  targets  on  the  next  day  assuming  that 
the  enemy  rebuilt  10  of  the  previousely  destroyed  targets.  This  approach  does  not 
affect  the  number  of  variables,  but  decreases  the  number  of  constraints  and  thus  can 
reduce  CPU-time  to  solve  the  model  [4]. 

2.4  Applicability  of  the  Research 

The  first  method  presented  in  Chapter  III  deals  with  algebraic  forms  for  indi¬ 
vidual  and  combined  costs.  The  second  method  employed  is  a  Goal  Programming 
approach.  Goal  programming  is  an  extension  of  linear  or  nonlinear  programming. 
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whose  formulation  allows  to  iucluclc  ssBultiple  goals  o?  olyjecfiives.  Goof  piograsguseiiing 
enhances  the  flexibility  of  liEKrar  prograDeiEBiiBig  f«mB:cBialion  by  aliowiEBg  tbr  isMrlBBsioBB 
of  conflicting  goals  wiiile  still  pioi'iding  tlBC  decisioBB  BBiaker  with  asB  optiBseal  E«r«'eS  of 
achievements  for  the  hi^a  psioaity  goab  [6:249|.  A  case  study  by  fJetaBtesdesjaBBS  aBsd 
Markland  on  estimating  sfart'Up  resource  utilizatiosa  in  a  scewly  fonaned  cc^sipaBBy  is 
worth  examining.  ScntndcEjans  and  Markland  use  goal  pEograBiinaiBag  coaBibiBted  wilia 
input  output  analysis  to  solve  a  multistage,  multiproduct  production  plansaing  prob- 
1cm.  The  solutions  obtained  from  usiaig  the  goal  prograBnaaiing  aatodeds  provide  the 
finished  product  production  levek  for  each  quarter  of  the  start*up  year.  Therefore. 
Seneiderjans  and  Markland  identib  excessive  inveiatoiy'  levels  and  future  iBSieattoiy 
shortages  in  materials  and  supplies  for  plaitning  the  start-up  year's  production  op¬ 
erations.  Their  modeling  process  is  executed  on  a  quarter-by-quartcr  basis  over  a 
one-year  time  horizon  because  the  production  line  differs  each  quarter  [9:101-109]. 

After  analyzing  this  particular  case  study,  a  similar  multistage,  multiproduct 
approach  for  a  situation  where  sorties — combinations  of  aircraft,  munition,  target, 
time,  distance  band  and  weather —  arc  to  be  flown  to  achieve  more  than  one  objective 
suggests  modification  of  Mixmastcr’s  current  construction  with  Goal  Programming. 
In  formulating  the  goal  program,  an  equally  weighted  linear  programming  approach 
is  pursued  [6:249-282]. 

Also,  work  done  by  Sivazlian  has  inspired  the  research  in  terms  of  focusing  on 
the  sortie  modeling  concept.  Sivazlian  developed  a  methodology  for  mathematically 
modeling  an  aircraft  sortie  regarding  its  stochastic  features.  In  this  sortie  modeling 
mctliod,  Sivazlian  starts  with  two  major  assumptions: 

1.  Once  an  aircraft  reaches  enemy  territory,  the  time  to  .search,  find  and  acquire 
a  target  has  a  negative  exponential  distribution  with  parameter  //. 

2.  Tlie  occurrence  of  enemy  threats  against  the  aircraft  is  a  Poisson  process  with 
parameter  A. 


TScceb.  Si^^azliasB  «!erve{o|J!5  filwe  LaiadwKsCcr-liy|>e  enjuiaiioeBs  fie*  «!dle?iBBiEEe  ^-asicwss  *81*®' 
sBSE«s  d"  effedivfescess  pO:E27'I37|-  let  fiBisr  psdxsWSisfiic  ap^smcB*  fie*  elcfiesmiBce  filte 
EC<;tsiB%«f  ccfffi  cedBioesBtts  fe*r  fiBass  sfiBjeiyr  fiBce*  saBsse  a«K$«BEBBpfiioai5  aEBel  LaEBcBsesfier'fiype 
eqiBafikm  sre  esnp!«yeti. 

^.S  Concimsioa 

LP  witli  *fis  four  Imssic  assuniptiosis — divisibility,  additivity,  proportionality  and 
certaiBity — Bias  an  objective  to  optisnize.  subject  to  a  set  of  constraints.  In  a  math- 
eniatical  sesise.  the  constraints  fonn  a  feasible  re;gion,  and  the  objc^rtii'e  is  acliieved 
at  one  of  the  comer  points  of  that  feasible  region.  Although  L-P  has  a  wide  \-ariet\' 
of  applications,  only  an  iiifonnative  discussion  of  TAM  and  some  specific  sugges* 
lions  were  highlighted  as  w'ithin  the  scofie  of  this  particular  research.  Therefore, 
a  \aluab!e  insight  is  obtained  by  presenting  the  applications  implemented  by  the 
researchers  cited  above.  .Also,  the  case  studj*  of  Schneiderjans  and  Markland  em¬ 
ploying  the  Goal  Programming  approach  encourages  research  in  this  direction.  The 
sortie  effectiveness  model  that  Sivaziian  developed  gives  a  promising  dirct.  ion  for 
modifications  as  well.  The  research  and  analysis  effort  is  devoted  to  modif3'ing  the 
aggregated  version  of  T.AM  discussed  b\'  Capt  Langbehn.  The  ver\'  same  assump¬ 
tions,  structural  reasoning — in  terms  of  equations  -and  the  theater  level  conflict 
that  Might  discusses  are  the  foundations  of  this  research. 


2-6 


///.  METHODOLOGY 


S.l  hdrodactioa 

Tiic  JSG  Mixniaster  model  makes  the  folloivitig  a^umpttoiis; 

•  The  war  will  be  fought  by  "blue”  aircraft  against  “rc*d”  ground  targets.  Air- 
to-air  combat  is  not  modeled 

•  “Red"  does  not  attack  "blue"  except  to  defend  their  targets.  This  will  cause 
attrition  which  the  model  incorporates 

•  The  basic  model  is  linear 

Given  these  assum(>tioiis,  the  first  topic  of  this  chapter  discusses  the  design 
of  the  investigation  and  introduces  the  software  which  are  used  in  the  research;  the 
current  configuration  of  the  model;  and  the  model  configuration  with  the  appropriate 
constraints  in  terms  of  air  operations.  In  other  words,  the  baseline  model  with  which 
the  study  implements  all  modifications  is  introduced.  The  second  topic  introduces 
the  mis.sion  plan  concept  that  is  used..  The  third  topic  describes  the  data  collec¬ 
tion  procedure  and  data  ba.se  of  the  re.search.  The  next  topic  presents  the  model 
modifications  under  the  following  areas: 

1.  Simple  cost  cmplo\uneiit  in  the  objective  function 

•  Including  the  cost  of  aircraft 

•  Including  the  co.st  of  munitions 

•  Including  the  cost  of  .sortie  generation 

•  Including  the  costs  of  both  aircraft  and  munitions 

•  Including  the  costs  of  both  aircraft  and  sortie  generation 

•  Including  the  costs  of  both  munitions  and  .sortie  generation 


•  Including  the  costs  of  aircraft,  munitions  and  sortie  generation 

2.  Goa!  programming  approach 

3.  Probabilistic  approach  to  determine  the  objective  function  cost  coefficients 

4.  Goal  programming  version  of  the  probabilistic  approach 

The  last  topic  discusses  two  case  studies  implemented  using  the  suggested  modifi 
cations.  The  topics  and  the  suggested  modifications  are  presented  with  details  in 
subsequent  sections. 

3.2  Design  of  {he  Invest igai ion 

3.2.1  Time  Length  of  the  Campaign.  In  -JSG  analyses,  the  actual  time  dura¬ 
tion  issue  is  handled  as  the  campaign  requirements  dictate.  With  the  given  scenario, 
if  all  the  targets  are  destroyed  and  the  objective  function  level  achieved  is  satis¬ 
factory,  the  campaign  is  ^lssumed  to  be  over.  However,  this  investigation  employs 
only  the  first  time  interval  of  the  given  campaign  scenario.  Whether  the  campaign 
is  or  is  not  successful,  all  implementations  cf  the  modifications  that  are  suggested 
in  (he  subsequent  sections  are  tested  in  only  one  time  interval.  The  procurement 
decision  issue  is  discussed  based  on  results  of  the  first  time  interval.  In  actuality,  the 
campaign  may  last  longer  than  expected.  The  JSG  analysts  then  do  successive  runs 
with  updated  resource  values  to  determine  the  need  for  new  resources. 

3.2.2  Software.  This  study  used  the  General  Algebraic  Modeling  System 
(G.AMS)  to  pursue  the  analyses.  GAMS  was  chosen  because  the  study  requires 
concisoness  of  ex|)iession  and  generality  and  portability  of  the  solution  methods. 
Also,  GAMS  enables  the  tracking  of  many  of  the  programming  details.  In  addition, 
the  commercial  version  of  GAMS,  consisting  of  ZOOM  and  MINOS  solvers,  was  suf¬ 
ficient  for  the  task  of  investigating  modifications  within  the  scope  of  the  study  [2] 


3.2.3  Currnd  ComlTuction  of  Mixmaster.  Mixmaster  is  a  fairly  aggregated 
version  of  TAM.  The  model  has  three  basic  constraints.  These  constraints  are  the 
aircraft  availability  constraint;  the  weapon  availability  constraint;  and  the  target 
availability  constraint.  The  objective  function  is  to  maximize  Target  Value  De¬ 
stroyed.  The  decision  variable  Xamkdtw  represents  Number  of  Sorties  Floum  b}*^  each 
combination  of  aircraft  a  loaded  with  weapon  m  against  target  k  in  distance  band  d 
at  time  t  and  subject  to  weather  condition  w. 


a  rn  k  d  t  ^ 


subject  to: 


EEEEE 

m  k  d  i 


X. 


amhdiw 


T  SfijjikdtwJ 


<  TOACa 


for  each  a 


E  E  E  E  E  XamkdiJVPNLDam  <  TOWPN^  foF  cach  m 

a  k  d  t  w 

EEEE  ^  amkdUu  EXKILamkdiw  <  TOTGTkd  for  each  k,d 

a  m  t  w 

Lowerboundamkditv  <  Xamkduv  <  Upperboundamkdtw 


where: 


•  TGTV ALkd  represents  the  target  value  related  to  the  distance  band 

•  EX K I Lamkdiw  is  tlic  cxpccted  number  of  targets  destroyed 

•  TSamkdtw  is  defined  as  the  total  sorties  that  can  be  flown  by  aircraft  a  loaded 
with  munition  m  against  target  k  in  distance  band  d  at  time  i  and  in  weather 
condition  w,  calculated  as: 


T  ^ 

^  ^amkdtxu 


1  -  (1  - 

ATTRlTa^kdtu, 


•  SHa  is  the  sortie  rate  for  an  aircraft 
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•  DAY  Si  is  the  duration  of  the  mission 


•  ATT RITamkdiu)  is  the  attrition  to  whichever  combination  of  aircraft  a  loaded 
with  munition  in  against  target  k  in  distance  band  d  at  time  t  and  in  weather 
condition  w  is  subjected 

•  TOACa  is  the  total  available  aircraft  at  time  i 

•  TOWPNjn  is  the  total  available  weapons 

•  W PN LDam  is  the  number  of  weapons  that  an  aircraft  can  carry 

•  TOTGTkd  is  defined  as  the  total  number  of  targets  in  each  distance  band 

Even  though  Mixmaster  does  not  use  another  variable  identif3Mng  which  aircraft  or 
weapons  should  be  procured  for  the  success  of  the  mission,  it  does  enable  JSG  to 
answer  procurement  questions.  To  do  that,  the  JSG  analysts  relax  the  aircraft  and 
munitions  constraints  by  assuming  that  the  aircraft  and  munitions  constraints  are 
not  binding.  After  running  the  model,  the  JSG  analysts  compare  the  levels  of  use  of 
those  relaxed  constraints  with  TAC’s  inventory  level.  The  difference  between  TAC’s 
inventoiy  level  and  the  levels  of  use  of  the  aircraft  shows  the  aircraft  or  weapons 
that  need  to  be  procured.  For  instance,  if  the  solution  shows  that  100  F-16  aircraft 
are  to  be  used  to  maximize  Target  Value  Destroyed  and  there  are  90  F-16  aircraft 
in  tag's  inventory,  then  this  solution  implies  that  TAG  needs  to  buy  10  additional 
F-16  aircraft. 

3.2.//  Consistency  with  Air  Operations.  Decision  makers  expect  Mixmaster 
to  give  operationally  sound  and  consistent  answers  to  ])rocurcnicnt  questions.  So  far 
Mixmaster  has  provided  quick  answers;  nevertheless,  questions  about  its  reliability 
ari.se  because  of  the  inconsistency  between  the  results  and  operafional  needs.  The 
model  can  allocate  any  type  of  aircraft  munition  combination  to  any  target  in  enemy 
territory,  riiis  behavior  of  the  model  may  not  be  consistent  with  the  air  operation 
plans. 
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The  model  must  include  an  additional  constraint  which  parallels  the  planned 
operation.  The  operation  planners  have  to  describe  their  mission  and  help  define  the 
additional  constraint  for  Mixmaster.  The  requirements  of  a  particular  mission  plan 
determine  the  additional  constraint.  Regarding  the  characteristics  of  an  aircraft  type, 
the  planner  determines  an  upper  bound  for  the  number  of  aircraft  to  be  assigned  in 
a  specific  part  of  enemy  territory.  The  aircraft  target  correspondence  is  also  a  major 
targeting  principle  to  consider.  Planners  disagree  with  the  results  when  an  A- 10 
equivalent  type  of  aircraft  is  allocated  to  an  enemy  air  base  target  deep  in  enemy 
territory. 

3.2.5  Scenario.  For  the  research,  the  scope  is  limited  to  maintain  a  manage¬ 
able  number  of  variables.  As  such,  the  scenario  employs  four  types  of  aircraft,  five 
types  of  weapons,  four  types  of  targets,  three  distance  bands,  one  time  period  and 
two  weather  conditions.  The  weapon  types  are  assumed  to  be  notional  types  varying 
in  efficiency  of  destruction. 

A  scenario  is  generated  assuming  similar  aircraft  capabilities  as  follows:  aircraft 
type  1  resembles  the  F-15;  aircraft  type  2  matches  the  F-16;  aircraft  type  3  matches 
the  F-111;  and  aircraft  type  4  resembles  the  A-10  aircraft.  Target  type  1  represents 
enemy  air  bases  and  radar  units;  target  type  2  represents  enemy  SAM  batteries; 
target  type  3  represents  supply  depots  and  logistics  units  and  target  type  4  represents 
enemy  tank  units.  The  weapons  are  also  classified  for  both  aircraft  and  target  types. 
Aircraft  type  1  can  use  all  weapon  types  and  can  be  allocated  to  all  target  types. 
Aircraft  type  2  can  use  all  weapon  types  and  can  be  allocated  to  all  target  tyjjes. 
Similarly,  aircraft  type  3  can  use  all  weapon  types  and  can  be  allocated  to  all  target 
types.  Also  aircraft  type  4  can  use  all  weapon  types  and  it  can  be  allocated  to  all 
target  types. 

Furthermore,  the  study  assumed  that  the  mission  planners  determined  an  allo¬ 
cation  plan.  This  plan  is  represented  by  the  leading  conslraint  of  the  baseline  model 
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and  is  included  in  Mixmaster’s  construction  to  implement  the  modifications.  The 
leading  constraint  co  icept,  as  explained  in  the  following  section,  leads  the  model’s 
allocation  process  by  limiting  the  sortie  amounts  that  are  to  be  flown  by  each  aircraft 
against  a  particular  target  type  in  a  particular  distance  band. 

3.2.6  Consistent  Configuration.  Given  the  main  features  of  the  scenario,  the 
model  has  to  satisfy  the  following  modified  constraints: 


<  AT DakdT s ORTACa  for  each  a, k, d 

m  i  XV 

where  ATDakd  is  the  predetermined  sortie  percentage  of  aircraft  type  a  against  target 
type  k  in  distance  band  d  and  TSORT ACa  is  the  total  number  of  sorties  that  an 
aircraft  type  can  fly.  The  total  sorties  that  an  aircraft  can  fly  is  computed  by: 

TSORTACa  = 

m  k  d  i  XU 

for  each  aircraft  type  a.  The  desired  consistency  is  achieved  by  leading  the  model 
parallel  to  a  predetermined  mission  plan.  The  planners  targeting  principle  limits  the 
number  of  aircraft  allocated  to  a  specific  type  of  target.  For  example,  at  most  70% 
of  the  total  sorties  that  the  A- 10  type  of  aircraft  can  fly  are  designated  to  enemy 
tanks  in  the  first  distance  band  of  the  enemy  territory.  Hence,  the  upper  value  of 
the  A- 10  mission  against  tanks  in  distance  band  1  becomes  ATDa-\o,tanks,dist-\ 
TSORT  AC  A-\o  =  0.70  •  TSORTACa-w-  Accordingly,  remaining  allocations  must 
sati.sly  the  limits  on  the  number  of  aircraft  assigned  to  a  particular  target  in  a 
partic'ilar  distance  band  as  well.  This  percentage  should  be  provided  by  the  mission 
planner. 
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3.3  Mission  Plan 


The  mission  plan  should  be  determined  in  terms  of  the  maximum  percentage  of 
sorties  that  may  be  flown  by  each  aircraft  for  every  target  type  in  a  particular  distance 
band.  The  percentages  to  be  allocated  to  target  types  represent  the  missions  such 
as  airbase  attack,  SAM  suppression,  logistic  suppression — attacking  supply  depots, 
railroads,  silos — and  close  air  support  (CAS).  For  this  study,  the  mission  percentages 
were  determined  by  the  researcher.  This  plan  represented  by  the  percentages  is  not 
inviolate.  The  evaluation  of  the  marginal  values  obtained  from  the  results  may 
change  the  percentages  as  long  as  their  contributions  to  the  objective  are  significant. 
This  characteristic  will  help  determine  whether  the  mission  is  planned  successfully 
or  not. 

3.4  Da.ta  Collection 

3.4.1  Expected  Kill  and  Attrition  Data.  Mixmaster’s  data  base  is  supported 
by  two  other  models.  The  first  one  is  the  Joint  Munitions  Effectiveness  Model 
(JMEM).  The  second  one  is  SABSEL.  This  model  evolved  from  SABR  and  SELEC¬ 
TOR,  computer  models  which  are  no  longer  supported.  The  user  provides  aircraft 
type,  flight  profile,  target  type  and  weapons  load;  then  JMEM  produces  expected 
kills  for  that  particular  combination.  Similarly,  SABSEL  produces  the  attrition  rate 
for  each  of  the  combinations  given  the  following  inputs:  aircraft  type,  munitions, 
flight  profile,  distance,  threat  in  the  terminal  area,  threat  on  ingress,  threat  on 
egress,  and  delivery  profile. 

The  data  base  used  in  the  research  is  independent  of  the  JMEM  and  SABSEL 
models.  Instead,  the  research  generates  notional  data  for  expected  kills  and  attrition 
by  using  a  flexible  random  number  generator.  The  random  number  generator  written 
by  Capt  Langbehn  of  JSG  is  preferred  because  the  program  puts  the  generated  data 
in  a  format  similar  to  that  of  a  GAMS  input  file  [2]. 
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3.5  Simple  Cost  Employment  in  the  Objective  Function 

3.5.1  Including  the  Cost  of  Aircraft..  This  particular  approach  simply  aver¬ 
ages  the  current  objective  function —  Target  Value  Destroyed — in  terms  of  the  replace¬ 
ment  cost  of  an  aircraft  and  the  attrition  rate.  Hence,  the  measure  of  effectiveness 
for  Mixmaster  becomes  Target  Value  Destroyed  per  Dollar  Risked  for  an  Aircraft: 


EEEEEE 

a  m  k  d  t  w 


XamkdtwEX  K I  LamkdtxvT  GTV  ALkd 
ACCOSTaATTRlTamkdtru 


where  ACCOSTa  is  the  cost  of  aircraft  a.  In  this  case  the  objective  function  is 
sensitive  only  to  the  aircraft  costs  and  the  attrition  rates. 


3.5.2  Including  the  Cost  of  Munitions.  Similarly,  the  costs  of  munitions  are 
in  a  product  form  involving  the  number  of  munitions  launched  during  the  sortie. 
The  objective  function  employs  that  product  by  modifying  Target  Value  Destroyed 
as  Target  Value  Destroyed  per  Dollar  Spent  for  Munitions: 

XgmkdtwEX  K I LgmkdtwTGTVALkd' 
COSTM„AVPNLDg,n 

where  COSTMm  is  the  cost  of  weapon  m.  In  this  case,  the  objective  function  is 
sensitive  to  the  munition  cost  and  the  amount  of  munition  to  be  used;  the  cost  of 
the  aircraft  flown  to  launch  that  munition  is  disregarded. 


EEEEEE 


3.5.3  Including  the  Cost  of  Sortie  Generation.  The  cost  of  sortie  generation 
is  more  complicated  than  the  other  costs.  Actually,  the  cost  of  generating  one  sortie 
is  the  sum  of  the  cost  of  operating  an  aircraft  for  the  duration  of  a  sortie,  the 
cost  associated  with  the  probable  loss  of  that  aircraft,  and  the  cost  associated  with 
munitions  used  for  that  particular  sortie.  However,  JSG  uses  the  constant  costs 
generated  for  the  Munitions  Roadmap  Working  Group.  JSG  assumes  that  each 
sortie,  regardless  of  the  duration  of  the  flight,  costs  nearly  the  same,  and  thus  can  be 
treated  as  a  constant  cost.  Then,  the  cost  of  sortie  generation  becomes  the  divisor  of 
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Target  Value  Destroyed  and  the  meaning  is  changed  to  Target  Value  Destroyed  per 
Dollar  Spent  for  a  Generated  Sortie: 

XgmkdtwEX  K I  LgmkdtwTGTVALkd 
SCOSTg 

where  SCOSTg  is  the  constant  sortie  cost  for  aircraft  type  a. 


EEEEEE 

a  m  k  d  t  VI 


3.5.4  Including  the  Costs  of  both  Aircraft  and  Munitions.  This  particular  ap¬ 
proach  accounts  for  both  the  aircraft  cost  associated  with  attrition  aiid  the  munition 
cost  by  combining  them  in  the  denominator  of  the  objective  function: 


EEEEEE 

a  m  k  d  t  til 


Xg^kdtuiEXKILg,nkdiuiTGTVALk,d 
.ACCOSTgATTRlTg,nkdtu,  +  COSTM,gWPNLDg,n. 


and  is  interpreted  as  Target  Value  Destroyed  per  Dollar  Risked  for  an  Aircraft  and 
Dollar  Spent  for  Munitions. 


3.5.5  Including  the  Costs  of  both  Aircraft  and  Sortie  Generation.  The  as¬ 
sumption  which  JSG  makes  about  the  sortie  generation  cost  excludes  the  cost  of 
attrited  aircraft.  But,  with  this  particular  combination  of  aircraft  and  sortie  genera¬ 
tion  costs,  the  chance  that  an  aircraft  can  be  lost  is  included.  Therefore,  accounting 
for  the  cost  of  a  sortie  not  only  by  flying  the  aircraft,  but  also  by  partially  losing  it 
makes  more  sense  in  combat  circumstances;  thus 


EEEEEE 
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XqmkdtxyEXKI  LgmkdtwTGTVALkd 
.ACCOSTgATTRITMul  +  SCOSTg.  ‘ 


The  costs  arc  coml)ined  in  the  denominator  of  the  objective  function  as  Target  Value 
Destroyed  per  Risked  Dollar  for  an  Aircraft  and  Dollar  spent  for  a  Sortie. 
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3.5.6  Including  the  Costs  of  both  Munitions  and  Sortie  Generation.  This  ap¬ 
proach  omits  the  aircraft  cost.  The  imbedded  assumption  is  that  the  aircraft  survives: 


a  m  k  d  t  w 


'  XgmkdtwEX  K 1  hamkdtwTGTV ALkd 
.COSTM^WPNLDam  +  SCOSTg.  ‘ 


The  costs  of  munitions  and  sortie  generation  serve  as  the  denominator  modifying 
the  objective  function  as  Target  Value  Destroyed  per  Dollar  Spent  for  a  Sortie  and 
Munitions. 


3.5.1  Inchiding  the  Costs  of  Airci'aft,  Munitions  and  Sortie  Generation.  In¬ 
tuitively,  among  the  simple  cost  employment  approaches,  including  ail  costs  is  the 
approach  that  makes  most  sense  because  this  method  accounts  for  all  expenses  as¬ 
sociated  with  one  mission.  The  summed  cost  is  the  denominator  that  translates  as 
the  total  cost  of  one  mission  flown  by  aircraft  type  a  loaded  with  weapon  m  against 
target  k  in  distance  band  d  at  time  t  and  in  weather  condition  w. 

XgmkdtwEX  K I  LgmkdtwT  GTVALkd 
MISCOSTg,gkdt,U 


where  the  mission  cost  is 


MlSCOSTg,gkdtu>  =  ACCGSTgATRITTg,nkdtw+COSTM,nWPNLDg,n+SCOSrg. 

Hence,  the  objective  function  becomes  Target  Value  Destroyed  per  Dollar  Spent  for 
Missions. 


3.6  Goal  Programming  Approach 

This  particular  approach  allows  incorporation  and  consideration  of  multiple 
objectives  or  goals  within  an  LP  framework.  Mixmaster  is  modified  consistently 
by  the  inclusion  of  more  than  one  objective.  While  the  initial  decision  variables 
remain  the  same,  this  approach  requires  the  definition  of  additional  variables  which 
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represent  the  deviations  from  the  objectives.  The  decision  maker’s  preferences  specify 
the  priorities  of  the  newly  defined  objectives  or  goals.  The  research  suggests  the 
following  goals: 

1.  Achieve  a  certain  level  of  target  value  destroyed  per  dollar  spent  for  a  mission 

2.  Achieve  at  least  80%  sortie  success 

3.  Avoid  overutilization  of  available  aircraft 

4.  Avoid  overutilization  of  available  munitions 

5.  Kill  as  many  targets  as  possible 

Having  specified  the  goals,  the  objective  function  is  to  minimize  the  sum  of  the 
deviations  from  the  goals.  The  decision  variables  that  are  employed  in  the  objective 
function  are  the  negative  deviate  from  the  constraint  of  Target  Value  Destroyed  per 
Dollar,  the  positive  deviate  from  the  aircraft  constraint;  the  positive  deviate  from 
the  sortie  success  constraint;  the  positive  deviate  from  the  munition  constraint  and 
the  negative  deviate  from  the  target  constraint. 

In  the  Target  Value  Destroyed  per  Dollar  goal,  only  the  negative  deviate  is 
employed  because  there  cannot  be  an  overachivement  for  this  goal  given  that  there 
is  a  limited  number  of  targets.  The  objective  function  seeks  to  minimize  the  negative 
deviate.  Achieving  at  least  80%  sortie  success  is  equivalent  to  at  most  20%  of  the 
sorties  failing.  So  the  objective  function  seeks  to  minimize  the  positive  deviate  from 
the  20%  failure  goal.  For  the  aircraft  availability  goal,  the  objective  seeks  to  minimize 
the  positive  deviate  and  avoid  the  overutilization  so  that  the  model  should  use  the 
current  inventory.  The  weapon  availability  goal  is  similar  to  the  aircraft  availability 
goal.  In  the  target  goal,  only  the  negative  deviate  is  employed  because  it  is  not 
possible  to  destroy  more  than  the  e.xisting  number  of  targets.  The  objective  function 
seeks  to  minimize  the  underachievement  of  this  goal  so  as  to  kill  as  many  targets  as 
possible.  Consequently,  the  solver  seeks  the  values  of  deviates  which  minimize  their 
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sum  by  allocating  the  sorties  flown  by  aircraft  a  loaded  with  munition  m  against 
target  k  in  distance  band  d  at  time  t  in  weather  condition  w — and  satisfying  the 
cissociated  constraints  simultaneously. 

The  suggested  goal  programming  construction  of  Mixmaster  is: 


mmZ  =  di  +'^dlosst  +  Y^dt 

a  am  kd 


subject  to: 


\  ^amkdiwEX  K I  LaxnkdtwTGTVALkd'l 

- Miscd-sY:::;;: — ]+“'■ 


YU2Y1Y1Y1  XamkdttvATT RITamkdtw-dloss'^ +dloss^  =  Q.2^-TOACa  for  each  a 
m  k  d  t  rv 

EEEEE[#=^l-<'t+<=TO/lC.  foreacha 

m  k  d  t  w  ^amkdttv-i 

E  E  E  E  E  Xamkdtu^WPNLDa^  -di  +  d-=  TOWPN^  for  each  m 

a  k  d  t  w 

EEEE  ^arnkdtwE \  K 1  Lam  kdtw  +  dl^  =  TOTGTkd  for  each  k,  d 

a  m  t  w 

E  E  E  Xamkdtw  <  ATDakdTSORTACa  for  each  a,  k,  d 

in  t  ^ 

Y^dtACCOSTa  +  J]d+C(95rM„  <  BUDGET 

a  m 

Xamkdtw,di ,dloss+  ,dloss~ ,d^ ,d~ ,d^,d;^,dj;j  >  0 

where  df  is  the  negative  deviate  from  the  Target  Value  Destroyed  Per  Dollar  goal; 
dloss^  and  dlos6~  are  the  positive  and  negative  deviates  from  the  sortie  success 
goal;  dj  and  d~  are  the  positive  and  negative  deviates  from  the  aircraft  goal;  d'^^ 
and  (/“  arc  the  positive  and  negative  deviates  from  the  waepon  goal;  and  are  the 
negative  deviates  from  the  target  goal.  Consequently,  the  deviates  d^  and  d,|j  can 
also  be  defined  as  the  procurement  variables. 
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The  positive  deviates  sIeckv  orveradtievtTiswMBt  and  tlce  siegalive  deviates  sicow 
uiiderachieveiitcBti  of  goals.  If.  for  iiastaBBce,  the  positive  deti'iatkMi  frofOB  the  BBBiuiBBitio^B 
constraint  appears  isi  thesolutioaa  avitli  a  |>ositive  value,  it  SBeeaEBs  there ase  iEBSuliicicust 
munitions  in  the  inventory  ^ven  that  all  the  other  goals  are  satisfied.  Since  the 
current  invcntoiy  ivould  not  have  the  rc-«|uiTed  asBtouBgt  of  EBiuEiitiosiiSr  it  vrould  igEdicate 
the  need  to  procure  new  inusiifions. 

As  a  paramount  feature^  the  goal  programming  m€>del  employs  the  budget 
constraint  in  the  configuration.  The  previoush'  suggested  iBiodificatioBis  casi  Btot 
employ  the  budget  figure  directly  since  the  procurentent  decision  depesids  oai  sobbbc 
additional  computations.  However,  the  goal  pr<^raii!i:iii:g  model  aitsurers  the  pro¬ 
curement  needs  b\'  emploj'ing  the  procurement  variables.  As  such,  the  procuremeBit 
variables  and  their  inherent  costs  can  be  employed  in  a  budget  co:u;:rai::t.  Hence, 
the  procurement  cost  and  the  budget  restriction  can  be  accomodated  in  the  goal 
programming  approach  alleviating  the  need  for  further  computations. 

The  priority  issue  of  the  goals  is  considered  flexible  depending  on  the  decision 
maker's  preference.  The  research  evaluates  the  goals  by  giving  them  the  same  prior¬ 
ity.  However,  reasonably,  different  points  of  views  may  assess  diircrcnt  ranks  for  the 
goals.  The  higher  the  assessed  importance,  the  higher  the  priority  will  be. 

3.1  Probabilislic  Approach  to  Determiue  the  Cost  Coefficients 

3. 7. 1  Modeling  the  Sortie.  The  simplicity  of  Mixmaster  comes  from  its  linear 
construction.  However,  the  dynamics  of  combat  in  real  conflicts  arc  ino-sth  nonlinear. 
The  time  duration  for  a  sortie,  the  number  of  weapons  to  be  launched,  and  the  threat 
of  the  enemy  are  the  nonlinear  d\'namics  that  .Mixmaster  treats  as  a  set  of  linear 
constraints.  Consequently,  there  exists  a  trade-olf  between  simplicity  and  so-called 
resolution,  which  is  the  ability  to  repre.sent  real  combat  .situations.  In  the  real-life 
cost  evaluation,  time  is  an  iin|)ortant  firiving  factor.  I’lie  co.st  of  a  .sortie  is  directly 
proportional  to  the  duration  of  a. sortie.  I’lie  longer  the  aircraft  is  in  enemy  territory. 


filwr  SBt««iEr  jfi  Bs  a  geicesic  appmads  is  <(!-«rve!©pc«!  to 

capfiajf«“  llfit-  tiiBE*?  citrpesB^iftSBE  driveBS  bb!  ^IsXBBiasSer  suscij  as  SJe*?  sostkr  cost,  expect«! 
kills,  aBB<!  attBitioBB.  Tice  BBietitod  has  the  saBBce  Eo^icai  coBBstructioBB  as  tisat  of  SivazliaBB 
|!0;I27*i37|;  hast,  soBBie  saBodiheatioBBs  rarcrc  BtccessaBT  bbb  obbIct  to  apply  a  stochastic 
appBoacSs  to  a  linear  coiBStructiosB. 

Sii’azliaa's  sBiethod  deterBBiiBEes  ^-arioBBs  iiteasures  of  elfeclit'eBtess  for  only  obbc 
aircraft.  Hoarever,  Mixmastcr  executes  the  sceBBario  tvith  hundreds  of  aircraft.  Iii 
MixBBiaster  the  aircraft  anay  select  asiy  oase  of  the  targets  defHraidiiBg  oai  the  coBitribu- 
tion  of  that  target  to  the  objective  fuiictioii.  laa  practice,  for  each  aircraft  loaded  with 
aaiuBBitions,  there  is  a  possibility  of  attackiiag  every  target.  Noiietheless,  L-P  picks  the 
combiaiatioi!  of  aircraft,  iBiUBiitions,  target,  distaasce  baaid.  time  and  weather  with  the 
greatest  contiibution. 


3.7.2  Standard  Operation  Procedures  and  .Assumptions.  Standard  operation 
procedures  must  be  explained  for  the  air  operation  of  this  study  before  discussing 
the  assumptions.  To  acquire  and  attack  a  target,  a  fighter  aircraft  loaded  with 
either  classical  or  smart  weapons  flics  at  -!00  nautical  miles  per  hour  while  in  cnem\' 
territor,.  .After  attacking  the  target,  t^ie  aircraft  should  egress  as  soon  as  possible. 
The  aircraft  used  for  close  air  support  missions  against  enemy  tanks  flics  at  300 
nautical  miles  per  hour.  The  time  to  acquire  a  target  depends  on  the  speed  at 
which  the  aircraft  flies  and  on  the  distance  between  the  target  and  the  point  where 
the  aircraft  entered  enemy  territory.  Given  the  standard  procedures,  the  method 
assumes  the  following: 

1.  The  time  in  which  an  aircraft  acquires  a  target  has  a  ncg?.tive  expoJiential 
distribution  with  parameter  fi. 

2.  'I'hc  occurrence  of  the  enemy  threat  is  a  Poisson  process  with  parameter  A. 

The  first  assumption  implies  that  once  a  type  of  aircraft  enters  enemy  territory  at 
time  I.  tl)ere  are  one  or  more  targets  to  acquire.  Since  the  targets  are  located  at 


(lilFcTent  dtslaiices,  the  time  to  acquire  one  can  l>e  difTerent  from  the  time  to  acquire 
aiEother.  'Fhese  indepesident  time  durations  arc  assumed  to  be  random  ^•ariablcs 
coming  frosn  a  stegativeeK{x>3EeEEtial  distribution  tvith  parameter  //.  Thus  the  average 
time  to  acquire  a  target  is  I//e.  The  attack  time  is  assumed  to  be  included  in 
the  target  acquisitioit  time.  The  probability  that  the  target  is  acquired  and  hence 
attacked  in  the  time  interval  {1,1  -r*ll)  is  //d/.  The  probability  that  a  target  is  killed 
once  attacked  is  Pk. 

'Fhe  second  assumption  implies  that  once  a  U'pc  of  aircraft  enters  enemy  ter¬ 
ritory  it  is  subjected  to  an  enemy  threat  with  a  frequency  of  A.  The  enem\'  threat  is 
assumed  to  be  independent  of  the  targets.  Therefore,  the  probabiIit\'  that  an  aircraft 
encounters  a  threat  in  time  interval  {t,l  -r  dl)  is  \dl.  .Also,  the  probability  that  the 
aircraft  is  killed  once  it  encounters  an  enemy  threat  is  Pa. 

The  duration  of  the  sortie  starts  upon  entering  enemy  lerritor\'  and  ends  upon 
leaving  enemy  territor\^  Moreover,  an  aircraft  is  assumed  to  be  combat  ready  once 
it  leaves  the  base. 

3.7.3  The  Model.,  Given  the  assumptions,  the  sortie  can  be  modeled  as  a  two 
dimen.sional  .Markov  chain  which  has  four  slates  in  terms  of  its  parameters.  P{i,j,t) 
where  /  =  0  for  tlie  target  that  is  killed;  i  =  1  for  the  target  that  is  not  killed  and 
j  =  0  for  the  aircraft  that  is  killed;  j  =  1  for  the  aircraft  that  is  not  killed.  The 
initial  conditions  for  this  model  when  1=0,  are  as  follow: 

F(i,i.n)  =  iio:  P(i,o,o)  =  i-rio 

P(0,l,0)  =  0;  P(0,0,0)=0 

where  Ho  is  a  value  of  the  initial  probability;  P(I,1,0)  is  the  probability  that  the 
aircraft  and  the  target  survive;  /^(1,0, 0)  is  the  probabilit}^  that  the  target  survives, 
but  the  aircraft  is  killed;  /’((),  1,0)  is  the  probability  that  the  target  is  killed,  but  the 
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aircraft  suri'i^'cs;  and  F(0j0,0)  is  the  probabilit}'  tliat  both  the  target  and  aircraft 
aie  killed  at  /  =  0  and  I  represents  the  duration  of  the  sortie 

Since  the  aircraft  is  assumed  to  be  combat  ready  once  it  leaves  its  base,  the 
initial  condition  becomes  F(I,I,0)  =  1.  To  compute  these  probabilities  related  to 
time  I,  the  Lanchestcr-type  equations  are  set  up  and  solved.  For  example,  F(l,  l,t + 
(It)  can  be  obtained  by  solving 

P(l, \,l+(ll)  =  F(l,  -  X<U){1  -  lull) 

-j-  P{\AA){\  -  \dl)n(lL{\  -  Pl^ 

-f  F(l,  l,0Adt(l  -  Ffl)(l  -  ndl) 

+  F(I,  l,0Adt(l  -  Pu)ndl{\  -  Pic) 

+  o{dt) 

where  o{dt)  represents  higher  order  probabilities  that  can  be  omitted. 

The  results  obtained  by  solving  the  rest  of  the  equations  are: 

F(1,0,()  =  -4^(1 -e-'”*'"*) 

a  +  p 

F(0.1,i)  = 

F(0,0,f)  =  I  -  e-"' - -^(1  - 

O'  +  p 

wlicre  o  =  \Pa.  and  fi  =  fiPk.  In  the  subsequent  sections,  the  probabilities  related 
to  a  sortie  are  computed  using  these  results  (10:129-131). 

5.7../  Probability  of  Sortie  Success.  This  study  assumes  that  if  the  aircraft 
is  not  killed  and  the  target  is  killed,  then  the  sortie  is  a  succe.ssful  sortie.  The 
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probabilit\'  of  sortie  succes  is 


P(0,L0  =  e-“'(l-e-^'). 


.9.7.5  Probabilitij  of  Sortit  Failure.  This  probabilit}'  can  be  computed  in  dif¬ 
ferent  ways.  Th.e  loss  of  an  aircra-ft  can  be  considered  as  a  failure  of  the  sortie; 
however,  this  study  considers  this  failure  by  the  case  where  the  target  is  not  killed. 
Thus,  the  probabilit}'  that  the  target  is  not  killed  with  or  without  an  aircraft  loss 
implies  the  probability  of  sortie  failure  and  it  is  computed  as 


P{Lht)  +  P{l,0,t) 


oc 

a  + 


a  +  r 


3.7.6  Probability  that  the  aircraft  is  killed.  This  can  be  computed  as  the  sum 
of  the  probabilities  whose  aircraft  parameters  are  zero: 


PACK  I L  =  P(l,0,t)  -1-  P(0,0,0  =  1  -  e""'. 


3.7.7  Probability  That  the  Ta'-get  Is  Killed.  This  probability  is  the  sum  of 
the  probabilities  whose  target  parameters  are  zero: 

PTGTKIL  =  P(0, 1,0  P(0, 0, 0  =  —^[1  - 

O'  +  p 

3.7.S  Expected  Number  of  Targets  Killed.  Sivazlian  defines  N{t)  as  the  num¬ 
ber  of  l.argets  killed  at  time  /,.  Then  the  expected  number  of  targets  killed  is: 


>1=1 


ETGTKIL  =  X^nP[A^(0  = 


n\ 


n=0 


=  p(o,i,/)-i-P(o,o,o 
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2.1.9  Expected  Number  of  Attacks  on  the  Targets.  The  construction  of  Mix- 
master  assumes  that  once  the  aircraft  attacks  a  target,  it  releases  all  the  weapons 
that  it  carries  in  a  single  pass.  For  this  approach,  this  study  assumes  that  the  target 
is  attacked  only  once  corresponding  to  one  pass  over  the  target.  Therefore  the  prob¬ 
ability  that  a  target  is  attacked  in  the  interval  (0,  t)  is  equivalent  to  the  expected 
number  of  attacks. 

Consequently,  the  probability  that  the  target  is  attacked  on  or  before  time  t 
is  the  product  of  the  probability  that  the  aircraft  is  not  killed  on  or  before  time  x 
where  .t  <  t,  and  the  probability  that  the  target  is  acquired  in  the  interval  (x^x  +  dx) 
[10:132],  given  by 

EX  ATTACK  =  t  e-^^t-'^^pdx  =  —^[1  - 
Jo  a-l-M 

3.7.10  Expected  Duration  of  the  Sortie.  The  expected  duration  of  the  sortie  is 
limited  by  the  expected  time  at  which  the  aircraft  is  killed  (i.e.,  1/oc).  The  probability 
that  the  aircraft  is  killed  in  -f  dx)  is 


X  ■  Pa  •  e  ^^dx. 


Therefore,  the  duration  of  the  sortie  D{t)  becomes: 


m  = 


.r,  0  <  X  <  t 

t  <  X  <  oo. 


Given  D{t),  the  expected  duration  of  the  sortie  is 

E{D{t)]  —  I  xae~^^dx  -f-  /  tae~°‘^dx 
Jo  Jt 

a 

=  -(l-e-"') 
a 


3-18 


where  (1  —  e  is  the  probabilitj'  that  the  aircraft  is  killed  once  it  encounters  an 
enemy  threat  [10:132]. 

3.7.11  Expected  Cost  of  the  Sortie.  To  compute  the  expected  cost  of  the 
sortie,  Sivazlian  defines  four  different  costs  associated  with  one  sortie.  They  are: 

1.  The  fixed  cost  realized  every  time  an  aircraft  gets  ready  for  flight.  This  cost  is 
similar  to  the  previously  defined  sortie  cost,  SCOSTa- 

2.  The  expected  cost  associated  with  the  duration  of  the  sortie.  Reasonably,  the 
longer  the  aircraft  is  airborne,  the  more  fuel  it  consumes. 

3.  The  expected  cost  of  an  aircraft.  This  cost  is  similar  to  the  previously  de¬ 
fined  aircraft  cost,  ACCOSTaATT lUTamkdiw^  however,  in  the  probabilistic 
approach,  it  does  not  have  the  time  dimension. 

4.  The  expected  cost  of  munitions  used.  This  cost  is  equal  to  the  cost  of  munitions 
used  per  attack  times  the  expected  number  of  attacks.  It  is  somewhat  similar 
to  the  previously  defined  cost  of  ammunitions,  COST M^W P N LDam- 

The  sum  of  these  expected  costs  is  the  expected  cost  of  the  sortie.  The  fixed  cost 
of  the  sortie  is  described  with  FIXCOST.  The  expected  cost  associated  with  the 
duration  of  the  sortie  is  5Co^(l  —  e“"')  where  ^Co  is  the  cost  per  unit  length  of 
time  of  the  sortie  [10:134].  The  expected  cost  of  the  probable  loss  of  an  aircraft  is 
ACCOSTa{l  —  e“"')  where  again  (I  —  is  the  probability  that  the  aircraft  is 
killed  once  it  encounters  an  enemy  threat  [10:134].  The  expected  cost  of  munitions 
used  is 

COSTM„,WPNLDa.^-^[\  - 

O'  -f  /i 

which  translates  as  the  expected  number  of  attacks  or  passes  times  the  weapon  load 
times  the  weapon  cost.  This  particular  cost  formula  was  modified  to  incorporate 
the  weapon  load.  Therefore,  it  dilTcrs  from  Sivazlian’s  equation.  Consequently,  the 
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expected  cost  of  the  sortie  E[5(t)]  with  the  addition  of  a  constant  cost  K  is  the  sum 
of  all  the  costs  [10:134]; 

EscosT  =  £;[s(r)] 

=  K  +  5Co-(l  -  e-“‘)  +  ACCOSTJl  - 

a 

+  COSTMmWPNLDam-^[l  - 

oc  +  n 

3.7.12  Parameter  Modification.  The  time  spent  in  enemy  territory  is  easy 
to  incorporate  into  Mixmaster.  The  study  assumes  that  the  time  duration  t  for  an 
aircraft  in  enemy  territory  is  related  to  the  distance  band  value  of  that  territory 
and  the  speed  of  the  aircraft.  For  instance,  the  average  time  duration  takd  in  each 
distance  band  is  computed  by 

DEPTIhd 

ACSPEEDa 

where  DEPT H^d  is  the  average  distance  of  a  target  type  in  enemy  territory  associ¬ 
ated  with  a  distance  band  and  AC SPEEDa  is  the  average  speed  that  the  aircraft 
flies  to  attack  a  target  in  enemy  territory.  The  computed  values  of  time  duration 
iakd  for  each  aircraft  target  distance-band  combination  are  employed  in  the  formulas 
to  determine  the  probabilities,  the  expected  number  of  targets,  expected  number  of 
passes  over  targets  and  the  expected  costs  associated  with  the  sorties. 

Furthermore,  this  method  rec|uires  reasonable  estimates  of  A  and  /.i  for  each 
type  of  aircraft.  To  accommodate  Mixmaster,  the  study  evaluates  the  dimension  of 
the  parameters  A  and  /i  as  follows:  Xakd  ^rnd  fiakd-  Hence,  the  parameters  A  and  /i 
are  dependent  on  aircraft  type,  target  type  and  the  distance  band.  The  parameter  fi 
is  computed  by  definition.  As  previously  explained,  l//i  is  the  average  time  it  takes 
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the  aircraft  to  acquire  a  target;  thus 


_  1 

^  averagetime 

The  average  time  is  computed  as 

DEPTHki 

ACSPEEDa' 

so  the  parameter  g  is  defined  as 

1 

f^akd  —  , 

takd 

For  computational  purposes,  the  parameter  A  is  computed  by  assuming  that 
the  existence  of  the  enemy  threat  when  the  aircraft  is  airborne  can  be  expressed  in 
terms  of  the  defense  density.  This  approach  computes  the  frequency  of  encountering 
an  enemy  threat  as  the  percentages  of  the  frequency  of  acquiring  targets.  Therefore, 
A  has  the  same  dimensions  as  g.  The  assumption  is  that  these  two  processes  are 
independent;  however,  to  ease  computations,  an  aircraft  encounters  the  enemy  threat 
at  some  percentage  of  the  time  that  it  acquires  a  target.  These  percentages  are  based 
on  the  defensive  intensity — interdiction — of  the  enemy.  Consequently,  A  is  computed 
as 

Aofcd  I ^ Pkd  '  t^akd 

where  INlkd  is  a  percentage  value  that  expresses  the  density  of  the  enemy  threat 
associated  with  target  k  in  distance  band  d. 

The  parameters  a  and  p  are  also  computed  using  the  new  dimensions: 


^amkdw  —  ^akdP^^amkdw 
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and 


l^amkdw  —  l^akdP^amkdw 

where  Pa  is  the  probability  that  the  aircraft  is  killed  once  it  encounters  an  enemy 
threat;  and  Pk  is  the  probability  that  the  target  is  killed  once  acquired. 

The  expected  target  kill  values,  ETGTKILamkdw  are  determined  from  the 
formula  for  expected  number  of  targets  killed  by  using 


ETGTKILaM  = 


A 


amkdxu 


(^amkdiu  Pamkdw 


^  j 


The  attrition  values  are  determined  from  the  formula  for  the  probability  that  the 
aircraft  is  killed  by  using 

ATTRITIONa,nkdr.  =  PACKILamkdw  =  1  ” 

The  total  sorties  that  can  be  flown  by  an  aircraft,  TSamkdtw,  is  computed  as 


TS^ 


arnkdtw 


1  -  (1  -  PACKILa,nkd.f^‘'^'^''^'^‘ 


PACKIL 


'^amkdxv 


The  expected  number  of  attacks  is  computed  as: 


EXATTACKamkdu,  = 


f^akd 


^amkdtu  T  f^akd 


Expected  duration  of  the  sortie  is  computed  as: 


1 


EXDUR.m  = - (1  - 


^(xmkdw 


Given  all  the  parameters,  the  cost  of  a  mission  is  defined  by: 


DURATIONCOS1\,mw  =  SCOSTaEXDUR 


aynkdw 
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WEAPONCOSTamkdu.  =  COSTMmWPNLDamEXATTACKamkdtv 


AlRCRAFTCOSTamkdw  =  ACCOSTaATTRITIONamkdw 
and  with  FIXCOST  the  cost  of  the  mission  becomes: 

TSCOSTa,nkdru  =  FIXCOST  +  DURATION  COSTamkdrv 
+  WEAPONCOSTamkdn, 

+  AIRCRAFTCOSTamkdrv. 

3.7.13  The  Modified  Model.  Using  the  previous  expected  costs,  expected 
number  of  attacks  and  the  inherent  probabilities  the  modified  Mixmaster  model 
is: 


maxTUD/$  =  EEEEEE 

a  k  d  t  xo 


^amkdtw  ETGTKlLaMTGTVALkd 


subject  to: 


EEEEE 

T/1  k  d  t  XU 


A  amk> 


amkdtw 


TS. 


(I  rnkdtw 


TSCOST^mkdu, 


<  TO  AC  a  for  each  a 


EEEEE  X,,M.EXATTACl<,,,MJ'VPNLDa,n  <  TOWPN,,,  for  each  m 

(I  k  d  t  XU 

EEEE'’''<*-wi./?T6’7'A7L,.„u,,„  <  TOTGTkd  for  each  k,d 

m  t  w 

E  E  E  <  ATDmTSORTAC,  for  each  a,  h,  d 


a  m  t  XU 


in  t  XU 


^amkdtw  >  0. 


3.8  Goal  Programming  Version  of  the  Probabilistic  Approach 

The  modification  of  Mixmaster  is  done  on  the  basis  of  dimensions.  Having 
different  dimensions  did  not  affect  the  model’s  construction.  Therefore,  a  similar 
approach  can  be  implemented  to  convert  the  probabilistic  modification  into  another 
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Goal  Program.  The  basic  concept  of  deviations  from  the  goals  applies  to  this  model 
as  well.  The  previously  defined  goals  are  used  as  is.  However,  the  dimensions  of 
some  parameters  had  to  be  changed.  The  goal  programming  version  of  the  model  is: 


min  Z  =  dj  +  dloss^  +  ^  ^  d+  +  J]]  d; 


kd 


a  m  kd 


subject  to: 


EEEEEE 

a  m  k  d  t  m 


X,^kdtu,ETGTKlL,,nkdu,TGTVALkd^ 


TSCOSra,nkdu, 


+  d-  =  TVD/% 


EEEEE  Xa„Mtw^TTRJTamkdw~dloss'^ -\-dloss~  -  0.20-TOACa  for  each  a 

m  k  d  t  to 


EEEEE 

m  k  d  t  tv 


"  Xamk, 


amkdtxv 


TSa„.k. 


amkdtw 


—  d^  +  d~  =  TO  AC  a  for  each  a 


=  7’0VPP7V„.  for  each  m 

a  k  d  i  tjj 

EEEEA'  a,nkdi.ETGTKlL,„,kdw  +  dj;,  =  TOTGTkd  for  each  k,  d 

a  m  t  tif 

E  E  E  ^^amkdtw  <  ATDakdTSORTACa  for  each  a,  k,  d 

m  t  tv 


'^d+ ACCOST,  ■\-Y,d+COSTiVI„,  <  BUDGET 

a  rri 

^amkdtwyd^  ,  d/osSjj ,  d/os5j, ,  d^  ,  d^  ,  d^^^ ,  d^^ ,  d/^j  >  0. 


3.9  Case  Shidies 

To  gain  more  insight  on  the  model,  the  reserach  includes  two  case  studies. 
These  cases  are  run  for  the  last  simple  cost  employment  which  includes  the  costs  of 
aircraft,  munitions  and  sortie  generation,  the  goal  programming  approach,  the  prob¬ 
abilistic  approach  and  the  goal  programming  version  of  the  probabilistic  approach 
that  were  explained  in  the  previous  sections. 
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3.9.1  Mission  Plan  of  Case  1.  Case  1  is  generated  by  the  researcher.  It 
includes  different  mission  percentages  than  the  baseline  mission  plan.  In  case  1, 
aircraft  types  are  allocated  missionwise.  That  is,  each  aircraft  is  supposed  to  fly 
only  a  specific  type  of  mission.  Aircraft  type  1  is  dedicated  to  SAM  suppression; 
aircraft  type  2  will  fly  logistic  suppression  and  CAS.  Aircraft  type  3  is  dedicated  to 
airbase  attack.  Finally,  aircraft  type  4  is  planned  to  be  used  for  CAS  in  the  first 
distance  band. 

3.9.2  Mission  Plan  of  Case  2..  In  case  2,  the  planning  is  done  with  respect 
to  the  distance  bands.  The  second  mission  plan  employs  all  types  of  aircraft  for  all 
the  missions.  However,  each  aircraft  is  supposed  to  fly  only  in  a  specific  distance 
band.  Aircraft  type  1  is  planned  to  fly  all  the  missions  in  the  second  distance  band. 
Aircraft  type  2  is  planned  to  fly  all  the  missions  except  CAS  in  the  first  distance 

I 

band.  The  plan  dictates  aircraft  type  3  fly  only  in  the  third  distance  band.  Finally, 
the  plan  dedicates  aircraft  type  4  to  fly  SAM  suppression,  logistic  suppression  and 
CAS  in  the  first  distance  band. 

3.10  Summary 

The  research  presents  four  basic  modifications:  the  simple  cost  employment 
methods,  the  goal  programming  model,  the  probabilistic  method  to  determine  cost 
coefficients,  and  the  goal  programming  version  of  the  probabilistic  method.  Prior 
to  implementing  the  suggested  modifications,  the  research  examines  the  Mixmastei 
model  and  presents  a  tliscussion  of  the  marginal  values  in  terms  of  the  procurement 
decision.  Then,  the  first  simple  cost  employment  method  is  executed  with  Mix- 
master.  Following  a  discussion  about  the  baseline  model,  all  the  modifications  are 
implemented  with  the  study’s  baseline  model.  In  addition,  two  case  studies  are  run 
to  observe  the  behavior  of  the  model  with  modifications.  These  case  studies  are 
used  as  two  different  mission  plans  with  which  the  model  will  be  led  to  investigate 
behavioral  consistency.  The  results  and  all  the  numerical  details  are  condensed  and 
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presented  in  the  fourth  and  fifth  chapters.  The  summary  of  the  implementations  is 
illustrated  in  Figure  S.L- 
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Figiiif  :FI.  l-'low  dliart  of  Modifications 


IV.  soLUTiom  Am  results 


ItsirndawSiCfa 

This  clutptet  prctsctsSs  lice  ECi^esEls  oS>lai8£e<(i  frosec  llKriE«plefl8MrEBlalEO!isof  thesug- 
prstird  Eno<iiItc;aiSiosis.  AH  EBicwSiHcal coses  ^vere  issipIesuMrsilct!  wjlli  lice  same  caiiipaig:!i 
scesiario.  The  sissiple  cost  snclusiosi  £Sielho<ls  asici  the  goal  prograssiniiitg  approach 
cHiipfoyed  the  very  sasne  ex|>ected  kiH  aiE<i  alsniiosi  %:aiues:  whereas,  the  probahilislic 
approach  to  detennssie  cost  coefhciciEts  hi  the  objective  fusscliosi  employed  nearh  the 
sassie  exj)ecte<l  kill  asid  altritioa  values. 

Ilie  procureineiil  decisions  had  ixfeii  determined  by  running  the  inodei  as  if 
the  aircraft  and  weapons  resources  were  unlimited  and  then  subsiracting  the  current 
aircraft  and  weapons  inventories  from  the  values  produced  by  Mixinaster.  If  the 
difference  was  positive,  then  it  implied  that  there  was  a  need  for  new  resources. 
If  the  difference  was  negative  or  zero,  then  it  implied  that  the  current  aircraft  and 
weapons  inventories  were  adequate  to  supply  the  nc*eds  in  the  hypothetical  campaign. 

With  the  exception  of  the  goal  programming  models,  this  research  uses  the 
same  simple  method  to  determine  the  need  for  procurement  decisions  in  all  the 
modifications..  However,  assuming  that  aircraft  aiul  %veapons  resources  arc  abundant 
is  not  adequate  to  implement  the  model  because  Mixinaster  produced  different  sortie 
al!ocation>  when  tlie  aircraft  and  weapons  resource  levels  were  larg<*  but  varied  from 
each  other,  and  when  the  resource  Iev(*ls  were  the  same  large  values.  That  is,  Mix- 
mast<T  s  sortie  allocations  with  the  right-hand  side  valu(\s  of  l.fiOO.OOO  and  2.200.000 
for  aircraft  ly[)es  1  and  2.  respectively;  30.000.000  and  10.000.000  for  weapon  types 
1  and  2.  respect ively.  turned  out  to  be  different,  than  the  sortie  allocations  with  the 
right  hand  .‘^ide  valuers  of  5.000.000  aircraft  for  al!  types  and  50.000,000  weapons  for 
all  type's. 


M 


The  diSFm-sice  in  the  allocatio:!  process  was  considered  signincant  Ixrcause  if  the 
rigJit'ltasid'side  ralnes  are  to  ixr  taken  as  large  nunil>eis,  they  should  l>e  all  c*qual  to 
lead  the  GAMS  software  usEhiasedly;  hei=ce.  LP  selects  the  i-ariabics  entering  and/or 
lea^'ing  the  basis  based  on  their  contributions,  which  arc,  in  fact,  cxiKrctcd  kill  and 
target  lalue  coelficients. 

O' 

Figure  -l.i  prc'sents  a  flow  chart  of  the  models  discussed  in  this  chapter.  In  the 


(With  the  Current  Ini'cntory  Levels)  (Without  the  Leading  Constraint) 


(SIMPLE  COST  E.\IPLOY.ME-\T  METHODS) 


subsequent  sections,  the  results  of  Mixmaster  without  an\'  modification  are  presented 
so  as  to  interpret  the  marginal  values.  Secondly,  the  study  looks  at  the  first  cost 
modification  in  the  original  construction  and  in  the  baseline  model — with  and  with¬ 
out  the  leading  constraint — subject  to  the  same  ver\'  large  right-hand-side  values. 
The  results  were  compared  to  see  how  the  leading  constraint  in  the  baseline  model 
leads  the  solution.  Then  the  simple  cost  emplo\'ment  in  the  objective  function,  which 
was  previously  defined  as  the  inclusion  of  the  cost  of  aircraft,  weapons,  sorties  and 
their  combinations,  were  implemented  in  the  ba.seline  model. 

As  far  as  the  research  is  concerned,  the  leading  constraint,  campaign  scenario 
and  mission  plan  are  equivalent  concepts.  To  determine  a  logical  and  common  basis 
for  discussion  of  the  results,  the  same  leading  constraint  right-hand-side  values  were 
used  in  the  succesive  modifications.  Table  -1.1  presents  the  mission  percentages  in 
terms  of  the  maximum  sortie  number  that  is  allowed  for  each  type  of  target. 

The  same  campaign  scenario  was  used  in  the  goal  programming  approach.  This 
method  turned  out  to  be  very  sensitive,  since  the  construction  had  the  same  priority 
for  each  goal.  However,  the  goal  programming  results  are  consistent  in  aircraft  usage 
with  the  last  simple  cost  modification. 

The  probabilistic  approach  to  delermino  the  cost  coefficients  in  the  objective 
function  produced  very  conservative  results  because  the  time  issue  was  involved 
in  the  computcations.  The  results  were  somewhat  different  from  those  of  previous 
modifications,  but  the  source  of  this  difference  was  clearly  the  database.  Moreover, 
this  method  has  incorporated  the  time  dimension  as  the  independent  variable  of 
all  the  probabilities  associated  with  costs.  In  addititon.  to  check  the  consistency  a 
similar  goal  programming  approach  was  applied  to  the  probabilistic  method. 

I'lirthermore,  the  research  presents  a  case  where  procurement  variables  indi¬ 
cate  the  need  to  procure,  do  develop  this  case,  tlje  right-hand-side  values  of  the 
current  aircraft  availability  constraint  were  diminished  to  a  considerably  lower  level 
for  each  aircraft.  'I'he  goal  progiamming  api)roach  was  run  subject  to  consideiably 


Table  4.1.  Mission  Plan  In  Trems  of  the  Ma.\imum  Sortie  Percentages 
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NONE 

NONE 
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0.30 
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NONE 

NONE 
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NONE 
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low  aircraft  resources.  As  such,  the  goal  programming  approach  generated  positive 
values  for  the  procurement  variables  indicating  the  procurement  need  for  aircraft.. 
The  results  of  all  these  applications  are  given  in  the  subsequent  sections. 


Jf.2  Results  of  Original  Mixmaster  and  Interpretation  of  Marginal  Values 

Mixmaster  was  run  in  its  original  construction  without  the  leading  constraint. 
Also,  the  right-hand-side  values  were  taken  from  the  current  aircraft  and  weapons 
inventory  levels.  The  model  used  aircraft  types  3  and  4  significantly  (Figure  4.2). 
I'lie  summary  of  the  numerical  results  is  presented  in  Table  4.2. 


Table  4.2.  Summary  of  Aircraft- Weapon  Allocations 


WPN-l  WPN-2  WPN-.3  WPN-4  VVPN-5 


ACFT-1 

0 

0 

810.811 

0 

0 

ACFT-2 

678.863 

0 

0 

0 

0 

ACFT-3 

5321.137 

0 

0 

483.676 

0 

ACFT-4 

0 

0 

0 

8080.318 

0 

WPN. 

U.SAGR 

6000 

0 

810.811 

8563.99 

0 

ACFT. 

USAGE 


2.027 


6.874 


13.921 


64.852 


'Pho  model  did  not  allocate  any  of  weapon  types  2  and  5  to  accomplish  the 
missions.  On  the  other  hand  the  model  c.vhausted  weapon  type  1  and  u-^cd  weapon 
type  4  at  a  significant  level  (Figure  4.3).  li.e  marginal  values  for  the  aircraft  types 
turned  out  to  be  insignificant.  The  model  loaded  weapon  type  1  onboard  aircraft 
type  3  and  weapon  type  4  onboard  aircraft  type  4  at  significant  levels  (Figure  4.4). 

In  terms  of  the  procurement  decision,  the  study  also  interpreted  the  marginal 
values.  If  any  of  the  marginal  values  were  significant,  then  it  would  imply  that  there 
was  a  need  for  procurement.  For  instance,  the  objective  that  was  accomplished 
yielded  a  target  value  of  67493.  If  the  the  marginal  value  of  the  type  ,l  aircraft 
constraint  had  b<'cn  10  units,  this  would  translate  as  the  positive  contribution  of 


one  more  aircraft  in  the  inventory.  Hence,  if  the  decision  maker  wanted  to  achieve  a 
target  value  level  of  68493;  this  would  require  100  more  of  aircraft  type  1. 


WPN-1  WPN-2  WPN-3  WPN-4  WPN-5 


Figure  4.4.  Use  of  Weapons  by  the  Aircraft 


.j.3  Result  of  Simple  Cost  Employment  Methods  and  Comparisons  ]Vith  and  With- 
out  the  Leading  Constraint 

4-3.1  Aircraft  Cost  Model  Without  the  Leading  Constraint.  In  this  run,  the 
study  expected  that  the  model  would  avoid  using  the  aircraft  types  associated  with 
substantial  costs.  Not  surprisingly,  the  solution  appeared  to  be  relatively  biased 
against  the  more  costly  aircraft  types.  Aircraft  type  1  was  not  used  at  all  because  of 
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249.221 

1793.994 
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1004.785 

3174.603 

2732.707 

0 
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0 

309.119 

0 

0 
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4781.609 

669.164 

2981.928 

1793.994 

615.385 

5786.394 

4152.886 

0 


19.290 


1.269 


21.949 


BlKl 


and  5  at  significant  levels  to  kill  all  of  the  targets  (Figure  4.6).  The  summary  of  the 
numerical  results  is  presented  in  Table  4.3. 


Figure  l.t).  'I'lie  .Number  of  Weapons  Per  Sortie 


In  spile  of  their  relatively  high  cost,  the  levels  of  use  of  weapon  types  1  and  2 
are  remarkable;  howescr,  it  is  not  surprising  because  their  costs  were  not  a  driving 
factor  in  the  objective  function.  Hence  the  model  did  not  avoid  using  them  (Figure 
4.7). 

.As  previously  staled,  all  of  the  targets  were  destroyed.  However,  the  model  did 
not  care  about  the  tactical  uses  of  the  dilferenl  aircraft  types  .  For  instance,  aircraft 
type  1  w'ixs  considered  to  be  a  Close  .Air  Support  (CAS)  aircraft;  but  the  model 
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allocated  it  to  targets  deep  in  enemy  territory  which  is  actually  a  misallocation  of 
tactical  aircraft. 


Ji.S.2  Aircraft  Cost  Model.  The  first  modification  was  to  include  the  cost 
of  aircraft  in  the  objective  function.  This  method  resulted  in  somewhat  balanced 
allocations.  The  model  used  21.547  of  aircraft  type  1,  83.248  of  aircraft  type  2,  0.927 
of  aircraft  type  3,  and  21.331  of  aircraft  type  4  per  sortie  (Figure  4.8).  The  summary 
of  the  numerical  results  is  presented  in  Table  4.4.  The  study  expected  the  model 


Table  4.4.  Summary  of  Aircraft-Weapon  Allocations 
WPN-l  VVPN-2  VVPN-3  VVPN-4  WPN-5 
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4049.311 
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0 
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0 

0 

309.119 
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0 

2245.39 

0 

5800.481 

4383.169 

630.881 

6939 

518.543 

21.547 


83.248 
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would  avoid  using  the  aircraft  types  with  substantial  costs.  However,  aircraft  type  1, 
despite  its  relatively  high  cost,  was  used  as  much  as  the  relatively  least-cost  aircraft, 
type  !.  Because  of  this  behavior  of  the  model,  the  study  perceived  that  the  leading 
constraint  had  a  remarkable  effect  over  the  model  on  the  scenario  basis.  What  the 
leading  constraint  did  was  basically  to  direct  the  model  parallel  to  the  given  scenario 
that  consisted  of  the  lueiletermined  tactical  u-se  of  aircraft  on  hand.  The  percentages 
of  total  sorties  for  each  aircraft  tN’jK'  were  considered  as  the  number  and  the  type 
of  mi.ssion  which  that  particular  aircraft  was  supposed  to  fly.  However,  the  mission- 
percentage  constraint  revealed  a  point  of  great  importance:  The  evaluation  of  the 
marginal  values  of  the  mission-percentage  constraint  is  the  same  as  the  evaluation 
of  the  mission  i)lanning  in  terms  of  the  tactical  use  of  the  aircraft.  For  instance,  in 
this  particular  run,  the  model  obeyed  the  tactical  use  of  the  aircraft  types,  but  it  did 
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Figure  ‘1.8.  .Number  of  Aircraft  Per  Sortie 
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not  destroy  all  of  the  targets.  Ondy  3^50. l->5  cl"  6IMI  tygR- 1  feasgciis  ins  dEstascre  Sxaincd  3 
v-ere  as  lacked. 

In  this  inodilEcaSsosB.  llse  Sargel  desSrsEcaioss  rale  titras  mtifi  0.34  Tissyri 
Value  Dtsiroytd  per  Dollar  as  the  ol>jecs5ve  functioss  u'aiue.  To  e^'alnaKe  ihe  sbbss- 
sion  fdanning.  the  study  jaser|>reled  she  marginal  ^'aSites  of  the  BSBissEori-|)>ercesBaage 
constraint.  The  most  signiiicaEil  sstargiaal  ^:aIue  came  fiosn  the  allocasioi;  of  .ACPF- 
3.TGT-  I.DlS’l  -i.  If  the  mission  planner  had  considered  isicreasing  the  right  hasid- 
side  value  of  this  constrains  one  more  unit,  then  the  objective  i^ahte  ivoufd  have 
increased  by  !.3i7E— i  unit. 

Based  on  percentages,  the  results  could  be  interpreted  in  another  way.  The 
total  ninuber  of  sorties  that  aircraft  type  3  could  fly  was  3605  sorties.  1%  of  that 
number  is  36  sorties:  10%  of  that  number  is  360  sorties,  t  herefore,  if  the  mission 
planner  consicl  ts  increasing  the  sortie  limit  by  !0%-  this  would  contribute  360  times 
1.317E  *1  '  a-  value  to  the  objective  function.  However,  this  decision  is  not 

t  hai  eas\‘  because  allocating  more  sorties  to  one  type  of  target  means  ailocating  fewer 
to  the  other  types.  Fhc  decision  should  account  for  liiis  kind  of  trade-off  in  the  best 
possible  wax'.  It  is  noted  that  the  mode!  did  not  axoid  using  the  expensixe  xxcapons 
because  there  xva^  not  a  weapon  cost  figure  in  the  objeclixe  function  (I'dgure  4.0). 
The  most  cfferlive  xveapons  xxere  used  regardless  of  their  substantial  costs.  Weapon 
types  I  and  2  had  the  dixersity  of  aircraft  weapons  allocations  (Figure  4.10). 

Wfapoi)  (’o>i  Mode!.  4  his  modification  employed  the  weapon  cost  in 
tlie  ol)jertix(*  function.  Fhe  first  ^^\'pec^atiou  was  that  ihe  model  would  axoid  using 
\vea|)ons  with  substantial  costs  and  wouUl  use  any  type  of  aircraft  regarrlless  of  its 
cost.  liuleed,  to  achieve  0.7552  Target  \'alur  Dfsiioijcd  per  Dollar,  tiie  model  userl 
all  aircraft  types  but  aircraft  type  3  at  significa!il  levels  (Figure  1.11).  4’h<*  suinniary 
of  the  nutiUTicai  results  is  presented  in  lable  1.5. 


I  CURRENT  iNVENTORY 

lev^elof  use 

WPN-1 '  Vj!PW-2'  Vm-3 '  WPN4  ‘  WPN-5  ‘ 


Figure  4,9.  X umber  of  Weapons  I’-sed 
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Fable  \Jy.  Sumniarv  of  .Aircraft-Weapon  .Allocations 


WP.X-l  Wi’.X  2  WPN-;{  WP.X  I  WP.X  a 


0 

0 

0 

0 

1 184  ..'5.3.3 

0 

0 

0 

0 

•2021. .'507 

0 

0 

0 

f) 

.'509.110 

0 

0 

0 

0 

62.3.006 

ACFT. 

rSACF. 

(iO.OOO 

182,P.:5.A 

0,927 

.JT.lS.s 


41.30.767 


•'iglirc  1.10.  r.sf  of  Weapons  In'  the  Airrrafi 


■l-lf) 


-l.1 1.  Number  of  Aiirrafl.  Per  Sortie 
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It  was  not  surprising  that  all  of  these  aircraft  were  loaded  with  weapon  type  5 
which  was  relatively  less  costK'  than  the  first  three  types  of  weapons  (Figure  4.12). 
The  model  might  have  used  the  cheapest  weapon  type:  however,  the  target  value  per 
dollar  spent  for  weapon  type  4  was  not  better  than  that  of  weapon  type  5.  With 
these  allocations,  all  of  the  first  three  types  of  targets  were  completely  destro\'ed. 
Only  422.67  of  target  t\'pc  4  in  distance  band  2,  and  512.2.3  of  target  t\'pe  4  in 
distance  band  3  could  not  be  destroj'ed. 


Figure  1. 12.  Number  of  Weapons  Used 

3'he  target  destruction  rate  was  50%  and  tlicre  was  not  a  diversity  of  aircraft 
weapons  allocations  (Figuie  1.13).  I'liis  modification  revealed  another  type  of  misuse 
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of  the  tactical  aircraft.  .Since  the  leading  constraint  leads  the  selection  of  aircraft 
types,  but  not  weapon  t\-pes,  the  leading  constraint  could  not  prevent  the  model 
from  using  only  one  type  of  weapon. 


I'igure  '1.1.3.  Use  of  Wcapon.s  by  the  Aircraft 


'riic  leading  ronstraint  did  not  have  a  signifiraiit  inii)act  on  the  use  of  weapons. 
.Although  the  levels  of  u.se  of  the  aiieraft  types  |)er  .sortie  were  balanced,  from  a.  tac¬ 
tical  point  of  view  it  was  determined  that  the  allocations  and  the  way  to  accomplish 
the  objective  were  unsatisfactory.  Moreover,  the  marginal  values  in  the  mission- 
percentage  constraint  were  all  insignificant.  That  would  imply  that  the  mission 
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planning  was  fairly  reasonable,  but  it  was  not  adequate  to  eliminate  the  misuse  of 
the  tactical  aircraft. 

Sortie  Cost  Model.,  This  modification  included  only  the  sortie  cost  re¬ 
alized  by  each  type  of  aircraft  for  each  mission.  It  was  expected  that  the  aircraft 
type  with  the  greatest  sortie  cost  would  not  be  selected  for  th"  mission.  The  aircraft 
type  associated  with  the  highest  sortie  cost  was  aircraft  type  3-  The  results  showed 
that  the  model  did  not  employ  aircraft  type  3  (Figure  4.14).  The  levels  of  use  for  all 
aircraft  types  were  below  the  current  inventory  level  so  as  to  imply  that  there  was 
no  need  to  l)uy  new  aircraft.  The  summary  of  the  numerical  results  is  presented  in 
Table  4.6. 


'faldc  4.6.  Summary  of  Aircraft- Weapon  Allocations 


WPN-l  WPN-2  WPN-3  WPN-4  WPN-5 


ACFT-1 

2808.62 

0 

0 

0 

155.086 

ACFT-2 

4696.676 

0 

0 

1313.386 

649.826 

ACFT-.3 

0 

0 

0 

0 

0 

ACFT-4 

2486.619 

0 

0 

2777.184 

0 

WPN. 

USAGE 

9991.915 

0 

0 

4090.569 

804.912 

ACFT. 

USAGE 


24.21 

164.051 

0 


84.021 


i 


4'argct,  destruction  was  93%;  131  targets  of  type  4  in  distance  band  3  were  not 
destroyed.  All  remaining  targets  were  destroyed.  With  the  allocations  presented  in 
'fable  1.6,  the  model  achieved  7.8952  Target  Value  Destroyed  per  Dollar.  To  achieve 
this  value  required  a  significant  use  of  weapon  types  1  and  4.  Weapon  types  2  and 
3  were  not  loaded  (ffigure  4.15).  The  level  of  use  of  weapon  type  1  was  noteworthy. 
Clearly,  aircraft  type  1  had  a  diversity  of  loads.  Also,  the  high  level  of  use  of  the 
most  expc'iisive  weapon  was  not  unexpected  since  there  was  no  weapon  cost  figure 
which  would  penalize  the  objective  function  (Figure  4.16). 

Current  inventory  of  weapon  type  1  was  6000.  However,  the  level  of  use  (;x- 
(■e('d('(l  llu'  (  111  rent  inventory  so  as  to  indicate  a  need  to  buy  more  of  weapon  type  1. 
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ACFT-1  ACF-2  ACm  ACFT4 


Figure  4.14.  Number  of  Aircraft  Per  Sortie 
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CURRENT  INVENTORY 
VELOFUSE 


Used 


From  a  tactical  point  of  view,  the  way  that  the  model  avoided  using  aircraft  type  3 
was  percieved  as  unnecessary,  since  the  differences  in  the  sortie  costs  were  not  sub¬ 
stantial.  However,  the  model  evaluated  the  costs  based  strictly  on  the  differences;  it 
did  not  care  about  their  magnitude.  Moreover,  the  results  showed  that  the  most  sig¬ 
nificant  marginal  value  came  out  of  the  ACFT-3.TGT-4.DIST-3  mission-percentage 
constraint  at  a  level  of  9.28E-4  unit.  As  previously  stated,  the  total  number  of  sor¬ 
ties  that  aircraft  type  3  could  fly  was  3605.  An  increase  of  30%  of  the  sorties  for  this 
mission  type  would  create  9.28E-4  times  1081  which  results  in  a  1.0036  positive  con¬ 
tribution  to  the  objective  value.  This  is  true  if  the  remaining  right-hand-side  values 
were  left  unchanged.  However,  this  was  not  the  case,  because  allocating  more  sorties 
to  a  particular  mission  would  reciuire  allocating  fewer  sorties  to  others.  Again,  the 
decision  should  be  made  after  accounting  for  the  trade-off  gains  and  losses. 

Clearly,  aircraft  type  1  had  a  diversity  of  loads.  Also,  the  high  level  of  use  of 
the  most  expensive  weapon  was  not  surprising  since  there  was  no  weapon  cost  figure 
which  would  penalize  the  objective  function. 

J^.3.5  Aircraft  and  Weapon  Costs  Model.  This  modification  incorporated  the 
costs  of  aircraft  and  weapons  in  the  objective  function,  'fihe  model  achieved  a  level  of 
0.1561  Target  \'aluc  Destroyed  po'  Dollar  spent  for  the  aircraft  and  weapons.  72.23 
of  target  type  4  in  distance  band  2  and  281  of  the  same  type  of  targets  in  distance 
band  3  could  not  be  destroyed.  The  target  destruction  rate  was  81%.  To  achieve 
this  level,  the  model  used  all  aircraft  types  (Figure  4.17).  The  levels  of  use  for  all 
types  were  below  the  current  inventory  level  implying  that  there  was  no  need  to  buy 
new  aircraft.  The  simunary  of  the  numerical  results  is  presented  in  'Fable  4.7. 

The  results  showed  that  the  employments  of  the  aircraft  types  were  tactically 
reasonable.  In  this  modification  the  model  was  forced  to  avoid  using  the  most  ex¬ 
pensive  aircraft  as  well  as  the  most  expensive  weapons.  The  expectation  was  that 
aircraft  types  1  and  3  and  weapon  types  1  and  2  would  not  be  used.  However,  the 
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ACF'l'- 1 

ACFT-2 

ACFT-3 

ACFT-4 

WPN. 

USAGE 


ACFT-4 

CFT-3 

T-2 


WPN-1  WN-2  WPN-3  WH4  Wm 


Figure  4.16.  Use  of  Weapons  by  the  Aircraft 


Table  1.7.  Siiiiiniary  of  A  ire  raft- Weapon  .Allocations 


WPN-1  VVPN-2  WPN-3  WPN-4  WPN-; 


AC  FT. 
USAGE 


2024.655 

0 

15.496 

121.132 

462.506 

2459.217 

0 

762.712 

5430.811 

812.246 

0 

0 

0 

0 

309.119 

0 

2721.913 

0 

2315.559 

0 

4483.872  2721.913  778.208  7867.502  1583.871 


Figure  4.17.  Nuiulrer  of  Aircraft.  Per  Sortie 
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leading  constraint  influenced  the  selection  process  of  the  model  on  the  basis  of  sce¬ 
nario.  The  level  of  use  of  aircraft  type  3  shows  that  aircraft  type  2  was  preferred  to 
accomplish  most  of  the  missions  that  aircraft  type  3  was  supposed  to  fly.  Also,  the 
model  used  14.186  of  aircraft  type  1.  In  terms  of  the  weapon  usage,  the  expectation 
was  similar.  However,  weapon  type  1  was  used  at  a  significant  level  regardless  of  its 
high  cost  (Figure  4.18).  The  current  weapon  inventory  level  was  adequate  to  supply 
the  requirements,  so  there  was  no  need  to  buy  new  weapons. 


Figure  4.18.  .Number  of  Weapons  Used 


Aircraft  types  1  and  2  shared  the  diversity  of  loads  and  hence  the  diversity 
of  missions  (Figure  1.19).  The  margined  values  in  the  mission-percentage  constraint 
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were  observed  to  be  insignificant,  meaning  that  the  mission  plan  was  well  prepared. 


WPN-I  WPN-2  M/PAW  WPN4  WPm 


Figure  4.19.  Use  of  Weapons  by  the  Aircraft 


Jf.S.G  Aircraft  and  Sortie  Cost  Model.  This  modification  employed  both  the 
cost  of  aircraft  and  the  cost  of  sortie  for  each  type  of  aircraft.  'Fhe  motlel  achieved 
an  objective  value  at  a  level  of  0.3171  Taryet  Value  Destroyed  per  Dollar  spent  for 
the  aircraft  and  sortie.  I'his  configuration  could  not  destroy  all  the  targets.  The 
target  ilest ruction  rate  was  71%  with  219  and  2G9  of  target  type  4  in  distance  band 
2  and  3,  respectively,  not  attacked. 
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The  iwricl  used  al!  aircraft  tyiMs  (Figure -i. 20).  For  sIbes  BBiodificaEkwE.  it  could 
Ik?  e>:|)ecie<i  that  the  iitodel  would  avoi«!  usisBg  aircraft  types  associated  witis  isigh 
repIaceinejBt  costs  as  iveli  as  with  high  sortie  costs.  However,  the  !Bto«!es  oSjeved 
the  tactical  use  of  t!ie  aircraft  ty|K?s  as  the  leading  cotistrainl  required.  Despite  its 
substantial  replacen  cbbE  cost  atid  high  sortie  cost,  ^.ircraft  ty|>e  -}  was  giicEi  credit  at 
a  level  of  nearly  one  (0.927)  aircraft  j>er  sortie.  "Fhe  levebof  use  of  the  aircraft  ty|»es 
per  sortie  were  below  the  current  inventory  lei'e!  so  that  there  was  beo  iseed  to  l>uy 
new  aircraft.  The  suEiimary  of  the  ninsierical  results  is  preseEited  in  Tabh-  -I.S. 


Table  -1.8.  .SuiSBEuary  of  .-\ircraft-\Veapoii  .Allocations 


ACn  1 

.\CFT-2 

.ACFT-3 

.ACF'l  -} 

WP.V. 

US.AGE 


ACFT. 

WP.\-1  \\P.\2  \VP.\:j  \VP.\-I  \VP.\.>  I'-SACF 


-10-59.311 

0 

1-5.-596 

0 

209.-52-5 

249.221 

-58.8-5.118 

615.-38-5 

1693.61 

0 

0 

0 

0 

0 

-309.119 

i 

0  1 
1 _ _ _ 1 

18-51.203 

0 

22-55.-39 

0 

j  1298.-5.32 

107.39..321 

6.30.881 

6939 

518.-513 

1  he  model  u.sed  the  c.xpensive  weapons  at  significant  levels  because  the  weapons 
allo'’aiions  process  was  not  affecterl  by  the  aircraft  and  sortie  costs.  I'o  riestroy  T-F/r 
ol  the  targets,  the  model  used  weapon  type  2  e.xtensively  (Figure  -1.21),  The  cur 
rent  inventory  level  of  weapon  type  2  was  8000.  The  level  of  use  of  weapon  type  2 
e.x'cecdefl  the  current  inventory  level  by  2730  weapons  and  thus  there  was  a  need  to 
buy  27.39  additional  type  2  ‘aiBons.  In  the  weapons  allocations  proce.ss.  aircraft 
ty|)e  2  ha<l  a  diversity  of  weapons  loads  aiul  missions  (Figure  -1.22). 

In  terms  of  the  marginal  values,  only  tin*  .ACF  1-3.3  (J'l  -  l.Dl.S  I -I  mi.ssion- 
l)ercenlage  constraint  appeared  to  be  significant,  at  a  level  of  l.l  lF  1.  In  this 
particular  ca.se,  an  altem])t  was  made  to  change  the  mi.ssion  percentages  as  a  rni.ssion 
planner  might.  T!ie  model  e.xploited  only  30%  of  the  total  sorties  that  aircraft  type 
3  could  have  flown.  'I'he  right  hand-side  value  of  the  constraint  which  gave  the  most 
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Figure  1.21.  Niimher  of  \V^‘ai)oiis  r.secl 


sigiiincam  isiargiiia!  I'ahie  was  considered  to  l>e  suitable  for  allocating  the  remaining 
10%  of  the  total-  computed  as  2523.5  sorties.  Therefore,  the  j>ositive  contribution 
turned  out  to  be  252.'J.5  times  l.l-lE— 5  which  is  0.2S76.  The  nciv  Target  Value 
Destroyed  per  Dollar  spent  for  the  aircraft  and  sortie  btxame  0.605.  The  attempt  to 
force  this  change  was  not  that  diflicult  because  the  mission  percentages  of  the  other 
aircraft  remained  the  same:  only  the  sorties  not  flown  were  reassigned  to  generate 
improvement. 


Figure  1.22.  U.so  of  Weapons  by  the  .Aircraft. 


Ji.3.7  Weapon  and  Sortie  Costs  Model.  In  this  modification  only  the  weapon 
and  sortie  costs  were  considered  a.s  a  common  denominator.  Similarly,  the  e.xpec- 


tatioEi  was  tliat  the  model  \vould  avoid  using  the  most  expensive  weapons  and  the 
aircraft  types  associated  ^vith  high  sortie  costs.  Indeed,  the  most  expensi\'e  type  of 
aircraft,  aircraft  type  3,  was  not  used  at  all.  Moreover,  the  model  did  not  allocate 
any  of  the  first  four  types  of  weapons.  A  le\'el  of  0.6S35  Target  Value  Destroyed  -per 
Dollar  spent  for  weapons  and  sorties  was  achieved  as  an  optimal  objective  function 
value.  The  summary  of  the  numerical  results  is  presented  in  Table  4.9. 


Table  1.9.  .Summary  of  .Aircraft-Weapon  Allocations 


WP.\-I  WP.\'-2  WP.\-;i  \VP.\..J  \VP.\-5 


ACFT-l 

0 

0 

0 

0 

536.297 

ACFr-2 

0 

0 

0 

0 

2911.347 

.\CFr-3 

0 

0 

0 

0 

0 

ACFT-l 

0 

0 

0 

0 

625.006 

wp.\. 

USAGE 

_ 2 _ 1 

0 

0 

1 

0 

4072.65 

ACFT. 

USAGE 


17.6-13 


267.452 


0 


37.1SS 


.A  b0%  rale  of  destruction  was  achieved.  The  model  employed  aircraft  types 
1.  2.  and  ■!.  but  not  aircraft  type  3  (Figure  1.23).  The  level  of  use  of  aircraft  type  2 
was  considcre<l  to  be  significant  since  the  current  inventory  level  for  aircraft  type  2 
was  220.  rherefore.  the  results  showed  that  there  was  a  need  to  buy  approximately 
17  more  of  aircraft  type  2.  In  terms  of  weajions  procurement,  the  levels  of  use  were 
not  high  enough  to  require  procurement  need  (Figure  1.21). 

Fhc  results  did  not  show  any  significance  in  the  marginal  values  of  the  mission- 
percentage  constraint,  do  implement  the  mi.ssions.  •530.297,  2911.317,  625.006  of 
wea|)on  type  5  were,  respectively,  allocated  to  aircraft  types  1,  2  and  1  (Figure 
1.25).  I'Vom  a  tactical  point  of  view,  the  residts  of  this  modification  were  interpreted 
as  unsatisfactory  because  the  model  employed  oidy  one  type  of  wea|)on  to  carry  out 
all  of  the  missions.  Remaining  weapon  types  were  considered  to  be  useless  by  the 
model. 
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Kiguro  1.2'?.  Niiinbor  of  Aiid  aft  I’cr  Sortie 
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I‘'igiin'  ■^1.2'!.  'riic  Numl)or  of  Weapons  Per  Sortie 
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Figure  '1.25.  U.sc  of  Weapons  by  the  Aircraft 
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Jf.3.8  Aircraft,  Weapon  and  Sortie  Costs  Model.  The  final  cost  inclusion 
method  incorporated  all  of  the  costs  and  hence  the  model  is  referred  to  as  the  co7n- 
plcte  cost  model.  The  results  were  similar  to  those  obtained  from  the  modification 
which  included  the  costs  of  aircraft  and  weapon.  The  study  concluded  that  the  sor¬ 
tie  cost  was  insignificant  with  respect  to  the  aircraft  and  weapon  costs.  Therefore, 
the  model  made  the  same  selection  as  it  did  when  the  costs  of  aircraft  and  weapons 
were  involved.  The  model  achieved  a  level  of  0.1512  as  Target  Vahie  Destroyed  per 
Dollar  spent  for  the  aircraft  and  weapons.  72.23  of  target  type  4  in  distance  band 
2  and  281  of  the  same  type  of  targets  in  distance  band  3  could  not  be  destroyed. 
The  summary  of  the  numerical  results  is  presented  in  Table  4.10.  The  destruction 


Tabic  4.10.  Summary  of  Aircraft-Weapon  .Allocations 


ACFT-1 

ACFT-2 

ACFT-3 


ACF4'-4 

WPN. 

USAGE 


WPN-l  WPN-2  WPN-3  VVPN-4  WPN-f 


2024.655 

0 

15.496 

121.132 

462.506 

2459.217 

0 

762.712 

5430.811 

812.246 

0 

0 

0 

0 

309.119 

0 

2721.913 

0 

2315.559 

0 

1  4483.872 

2721.913 

778.208 

7867.502 

1583.871 

ACFT. 

USAGE 


14.186 


121.496 


0.927 


82.946 


rate  of  the  targets  was  81%.  To  achieve  this  level,  the  model  used  all  aircraft  types 
(Figure  4.26).  The  levels  of  use  for  all  types  were  below  the  current  inventory  level. 
Reasonably,  this  implied  that  there  was  no  need  to  buy  new  aircraft. 

'Fhe  results  showed  that  the  employment  of  aircraft  types  w'ere  tactically  rea¬ 
sonable'.  In  this  modification,  the  model  was  forced  to  avoid  using  the  most  expensive 
ail  craft  as  well  as  the  most  expensive  weapons.  The  exi)ectation  was  that  aircraft 
types  1  and  3  and  weapon  types  1  and  2  would  not  be  used.  However,  the  leading 
constraint  influenced  the  selection  process  of  the  model  on  the  basis  of  scenario.  The 
level  of  list  of  aircraft  type  3  shows  that  aircraft  type  2  was  preferred  to  accomplish 
most  of  the  mission  that  aircraft  type  3  was  supposed  to  fly. 
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ACF-1  ACFT-2  ACFT-o  ACFT4 


Figure  4.26.  Number  of  Aircraft  Per  Sortie 
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In  terms  of  the  weapon  usage,  the  expectation  was  similar.  However,  weapon 
types  1  and  4  were  used  at  significant  levels  (Figure  4.27).  In  the.se  allocations  aircraft 
types  1  and  2  shared  the  diversity  of  loads,  hence  the  diversity  of  missions  (Figure 
4.28).  The  current  weapon  inventory  level  was  adequate  to  supply  the  needs;  there 
was  no  need  to  buy  new  weapons.  The  marginal  values  in  the  mission-percentage 
constraint  were  observed  to  be  insignificant.  This  insignificance  implied  the  mission 
plan  was  well  prepared.  The  marginal  values  in  the  mission-percentage  constraint 
were  observed  to  be  insignificant.  This  insignificance  implied  the  mission  plan  was 
well  prepared. 


Figure  4.27.  Number  of  Weapons  Used 
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Figuro  4.28.  Use  oi'  Weapons  by  the  .Aircraft 
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4-4  Goal  Programming  Model 

The  procurement  decision  that  came  from  the  simple  cost  employment  methods 
were  based  on  the  difference  between  the  level  of  use  of  the  weapons  or  aircraft  and 
the  inventory  level.  In  the  goal  programming  application,  the  procurement  decisions 
were  represented  by  two  variables;  ,  and  d'^^.  In  addition  to  these  so-defined 
procurement  variables,  the  set-up  of  the  model  also  accommodated  some  other  needs. 
The  construction  of  the  model  employs  a  mission  success  goal  and  a  predetermined 
level  of  target  value  destroyed  per  dollar  spent  for  a  mission.  The  deviations  from 
these  goals  also  would  explain  more  about  the  planned  mission  than  the  standard 
model. 

The  goal  programming  approach  offers  two  mure  advantages.  First,  the  mission 
planner  would  know  how  many  aircraft  were  lost  due  to  attrition  by  looking  at  the 
value  of  the  deviate  f//o.s.s,|  or  if  the  deviate  dloss'^  =  0,  by  simply  subtracting  the 
negative  deviate  d/o.s.s"  from  the  level  of  u.sc  for  the  mission  success.  Secondly  and 
more  importantly,  the  goal  programming  formulation  includes  a  budget  constraint 
which  accounts  for  the  i)ossibility  of  procurement  need.  This  feature  could  not  be 
employed  direttly  in  any  other  modilications,  but  the  goal  programming  foimulation 
allows  inclusion  of  the  budg(‘t  liguix'  since  it  employs  the  procurem  ;it  variables 
directly. 

However,  given  all  thes('  advantages,  there  does  exist  a  shortcoming.  The  goal 
programming  approarh  applied  in  this  study  is  a  linear  program  with  some  additional 
variables.  'I'lnux'  is  no  prioiitization  of  the  goals.  Therefore,  the  model  does  not 
distingui.sh  lh<‘  goals  in  t('rms  of  theii  prioiity.  As  a  (piick  reaction,  prioritizing  tin* 
goals  by  including  a  scalai  loeflicient  foi  eath  of  them  might  seem  to  be  reasonable. 
Unfortunately,  this  way  of  mnking  the  goals  might  not  assure  the  desired  results  at 
optimality  with  available  sobers.  If  the  goals  were  ranked,  the  optimal  solution  could 
achieve  the  higher  priority  goals  which  might  have  been  satisfied  at  the  expense  of 
the  lower  i)riority  goals.  However,  with  ecpial  ranking,  it  would  not  be  possible  to 


4-40 


have  that  kind  of  optimal  oohition.  From  the  point  of  view  of  the  researcher,  ranking 
the  goals  does  not  cause  any  problem  as  long  as  there  is  a  solver  capable  of  solving 
ranked  goal  programs.  Considering  all  these  circumstances,  the  study  maintained 
the  equally-ranked  goal  programming  approach. 

For  this  particular  application,  the  study  input  0.16  eis  the  desii\.d  level  of 
Target  Value  Destroyed  per  Dollar  spent  for  the  mission.  This  value  was  drawn  from 
the  complete  cost  model  that  included  the  cost  of  aircraft,  weapons,  and  sorties. 
The  results  were  very  sitnilar  to  those  obtained  from  the  complete  cost  model.  The 
sum  of  the  deviations  was  160.9284,  and  the  desired  level  of  target  value  destroyed 
was  underachieved  at  a  level  of  1%.  But  even  at  that  level,  it  was  equal  to  the  value 
that  was  achieved  in  the  complete  cost  model.  Furthermore,  the  mission  success  goal 
appeared  to  be  nonbinding  and  was  satisfied  by  the  .solution.  4'he  model  used  all 
aircraft  types  (Figure  1.29).  'I'he  summary  of  the  numerical  results  is  presented  in 
'I'able  4.11. 


Table  4.11.  Summary  of  Aircraft-Weapon  Allocations 


AC’ FI'- 1 


ACl''r-2 


ACFl'-a 


ACTT-4 

WPN. 

L!SAC:i-: 


WPN- 1  WPN-2  WI‘N-3  WPN-4  WPN-f) 


2311.175 

1738. 13G 

15.49G 

121.132 

209.4'24 

3()88.825 

0 

3075.109 

3118.414 

G07.311 

0 

0 

0 

0 

309.119 

0 

2<2!.9l3 

4909.391 

21G2.G03 

0 

GOOD 

44G0.048 

8000 

5402.149 

1 125.855 

ACFP. 

USAGE 


19.27G 


17  <.587 


0.927 


93.741 


I'he  levels  of  u.se  of  aircraft  types  were  similar  to  those  obtained  from  the 
complete  cost  modt4.  Only  the  level  of  u.se  t)f  aircraft  type  2  was  significantly  higher 
th<m  that  of  the  last  modification,  but  the  difierence  was  compensated  for  by  the  use 
of  dilfeient  weapons.  Weapon  tvpes  1  and  3  were  e\ha,usted  in  the  goal  programming 
results,  whereas  only  75%  of  weapon  type  1  and  54%  of  weapon  type  3  were  used  in 
the  last  simple  cost  euiployement  (Figure  4.30).  The  target  destruction  rate  was  91% 
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wrMch  is  Itigjter  tStasi  filnait  c^  Site  asmpkrte  cos!!  mcsdd.  Ossly  B60.9IS  lyp^  4  S?irg<:?s 
co«a!*l  ceoi  be  «!«58pjye*i,  TSec  weapoiBS  alkKraKioii  was  obtsefYed  to  ht:  fcaiajtced;  lEere 
was  a  divessily  of  loads  for  aircraft  types  I,  2,  atsd  4  (Fifft-re  4.31). 


Figure  4.30.  Number  of  Weapons  Used 


In  terms  of  the  mission-percentage  constraint,  the  marginal  values  of  the  ACF3  - 
l.'rCrr  I.DIS'r-2  and  3  constraints  were  more  significant  than  the  otlier  marginal  val¬ 
ues;  however,  the  tactical  use  of  aircraft  type  4  did  not  permit  use  of  the  aircraft  deep 
in  enemy  territory.  Therefore,  the  lower  significance  levels  were  taken  into  account 
such  as  -0.261  and  -0.314  from  the  ACFT-l.TGT-l.DIST-2  and  3  mission-percentage 
constraints.  The  study  attempted  to  change  the  mission  percentages  because  10%  of 
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the  total  sorties  that  aircraft  type  1  was  supposed  to  fly  were  not  used.  Therefore^ 
the  initial  allocation  of  sorties  was  diverted  to  the  iiiar^nally  most  sigiiiflcant 
mission.  The  objective  \'alue  was  expected  to  be  very  small.  Indeed,  it  tunied  out  to 
be  0.00$4.  In  tenns  of  the  deviations,  that  was  considered  to  l>e  ^'erj'  insigiiincani. 

The  goal  programming  method  assures  that  the  model  will  make  the  Imssi 
allocations  with  what  is  in  the  inventory,  and  if  the  current  inventory  level  is  not 
adequate  to  suppoit  the  missions,  the  procurement  variables  dj  and  dj  have  positive 
values  in  the  solution  injpbnng  a  need  to  buy  more  aircraft  or  weapons.  Another 
remarkable  feature  of  this  method  is  that  the  model  does  not  show  any  sigiiificant 
bias  in  aircraft/ weapon  allocation.  The  stud\-  shows  that  the  goal  programming 
method  exhausted  weapon  t\'pe  1  in  spite  of  its  substantial  cost.. 

4.5  Probabilistic  Parameter  Model 

This  approach  first  determined  the  cost  of  the  mission  employing  the  stochastic 
concept  of  the  sortie  and  then  modified  the  dimensions  of  the  parameters  to  make 
them  consistent  with  Mixmaster.  As  previously  stated,  this  particular  method  used 
a  similar  data  base  with  difierences  in  parameter  dimensions.  In  addition,  there  is 
a  time  issue  involved  in  this  method.  In  cost  computations,  time  is  the  independent 
variable.  The  study  used  predetermined  time  values  for  each  type  of  aircraft,  against 
a  target,  in  a  distance  band.  The  employment  of  the  time  variable  generated  a  great 
deal  of  conservative  behavior  in  terms  of  the  allocation  proce.ss.  The  results  showed 
that  tlie  number  of  targets  destroyed  were  nearly  the  same  as  in  the  other  models, 
liowever  the  model  achieved  that  level  with  fewer  aircraft  and  weapons.  The  time 
variable  affects  the  probability  that  the  aircraft  is  killed,  the  probability  that  the 
target  is  destroyed,  the  expected  number  of  passes,  and  the  expected  sortie  durations. 
Hence,  within  the  limitations  of  the  assumptions,  the  time-dependent  computations 
were  considered  to  be  accurate  and  realistic. 


The  model  achieved  the  objecli^'e  at  a  level  of  OAdS'i  Target  Value  Destroyed 
per  Dollar.  This  level  is  ven-  close  to  tiiose  obtained  in  the  goal  programming 
model  and  the  last  simple  cost  employment  models.  The  conservative  behavior  of 
the  model  appeared  first  in  the  aircraft  allocation  process  where  the  model  tried  to 
avoid  using  the  expensive  aircraft.  Consequently,  aircraft  t\-pes  I  and  3  were  used  at 
levels  of  0.795,  and  1.174  per  sortie,  rcspectivel3^  Most  of  the  missions  were  executed 
by  aircraft  t\-pcs  2  and  4  (Figure  4.32).  The  sumrnar\'  of  the  numerical  results  is 
presented  in  Table  4.12. 


Table  4.12.  Summar3'of  .Aircraft- Weapon  .Allocations 


WP.\-1  \VPN-2  \VPN-3  WPN-4  WP.\-5 


.ACFT-1 

0 

0 

0 

0 

1059.535 

ACFT-2 

0 

0 

273.595 

301.525 

357.332 

ACFr-3 

0 

0 

0 

0 

79.61 

ACFT-4 

0 

0 

0 

0 

574-04 

WP.N. 

US.AGE 

0 

i 

0 

273.595 

301.525 

2070.517 

.ACFT. 

USAGE 


0.795 


20.705 


1.174 


25.005 


The  model  continued  the  same  conservative  behavior  in  the  weapons  allocations 
process..  The  weapons  with  subtantial  costs  were  not  used  at  all.  Only  weapon  types 
3,  4,  and  5  were  employed  to  accomplish  the  missions  (Figure  4.33).  The  levels  of 
use  for  the  resources  were  considered  to  be  very  low  with  respect  to  those  of  the 
former  models. 

To  decide  whether  there  was  a  need  to  buy  more  aircraft  or  weapons  the 
levels  of  use  for  the  aircraft  and  weapons  constraint,  were  comi)arcd  with  the  current 
inventory  levels.  The  levels  of  use  were  well  below  current  inventory  levels  impl3ing 
that  the  current  inventory  levels  were  adequate  to  accomplish  the  missions. 

In  the  probabilistic  method,  the  study  observed  that  the  leading  constraint 
was  not  as  effective  as  it  was  in  the  former  models.  For  example,  in  the  complete 
cost  model  the  objective  function  included  all  the  costs,  but  the  model  did  not  avoid 


Figure  4.32.  Number  of  Aircraft  Per  Sorlie 
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Figure  4.33.  Number  of  Weapons  Used 
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using  one  of  the  most  expensive  aircraft  types  at  a  level  of  14.186  per  .sortie.  Also, 
two  of  the  most  expensive  weapons,  weapon  types  1  and  2,  were  used  at  significant 
levels.  The  probabilistic  method  used  the  same  aircraft  at  an  insignificant  level 
and  did  not  use  either  of  the  same  expensive  weapons.  Only  15.24  of  target  type  4 
in  distance  band  3  remained  unattacked.  The  model  loaded  a  diversity  of  weapon 
types  to  aircraft  type  2;  the  remaining  aircraft  types  were  loaded  with  weapon  type 


5  (Figure  4.34). 


Figure  4.34.  Use  of  Weapons  by  the  Aircraft 


In  terms  of  the  mission  percentages,  none  of  the  marginal  values  turned  out 
to  be  significant.  However,  after  analyzing  the  marginal  values  of  the  mission- 
percentage  constraint,  it  could  be  concluded  that  in  the  first  distance  band,  the 


use  of  aircraft  type  1  against  target  types  2,  3  and  4  would  contribute  more  than  ihe 
present  allocation  did. 

4-6  Goal  Programming  Form  of  the  Probabilistic  Model 

None  of  the  modifications  that  the  study  implemented  changed  the  linear  con¬ 
struction  of  Mixmaster.  The  idea  was  to  investigate  the  possible  ways  to  incorporate 
cost  and  budget  issues  in  Mixmaster.  Given  that  the  probabilistic  approach  to  de¬ 
termine  the  cost  coefficients  did  not  upset  the  linear  construction  of  Mixmaster,  the 
study  followed  the  same  logic  used  in  the  goal  programming  method.  The  proba¬ 
bilistic  method  showed  a  biased  and  conservative  behavior  in  the  aircraft/weapon 
selection  process.  It  was  expected  that  the  goal  programming  construction  would 
execute  the  selection  process  without  bias,  because  the  goals  are  equally  weighted. 
Therefore,  the  selection  process  in  the  goal  programming  would  not  preempt  the  use 
of  expensive  aircraft  and  weapons.  However,  this  behavior  does  not  mean  that  the 
selection  process  is  done  without  regard  to  the  cost  of  the  aircraft  and  weapons.  On 
the  contrary,  the  selection  process  accounts  for  the  achievement  of  desired  levels  for 
the  goals  associated  with  costs,  and  to  achieve  the  levels  specified  by  the  goals,  the 
model  must  implement  the  best  allocations.  For  example,  to  achieve  a  level  of  0.16 
for  Target  Value  Destroijed  per  Dollar,  the  model  must  find  the  best  combinations 
that  would  sum  to  0.16  for  Target  Value  Destroyed  per  Dollar.  Selecting  only  the 
most  expensive  aircraft  and  weapons  would  underachieve  this  goal  unless  the  model 
destroys  the  desired  number  of  targets  with  fewer  aircraft  weapon  combinations.  In¬ 
deed,  the  results  show  that,  unlike  the  probabilistic  method,  the  goal  programming 
version  allocated  the  most  expensive  weapons  in  doing  the  missions. 

The  goal  programming  version  achieved  a  level  of  0.14  for  the  objective  function 
value  and  used  all  aircraft  types  (Figure  4.35).  The  level  of  use  for  aircraft  type  3  was 
not  significantly  different  than  that  of  the  probabilistic  model,  but  aircraft  type  1  was 
used  three  times  more  in  the  goal  programming  form.  In  addition,  the  level  of  use 
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for  aircraft  type  4  was  observed  to  be  more  significant  than  that  of  the  probabilistic 
model — almost  four  times  more.  The  summary  of  the  numerical  results  is  presented 
in  Table  4.13. 


Table  4.13.  Summary  of  .Aircraft- Weapon  Allocations 


I 


WPN-1  WPN-2  WPN-3  WPN-4  WPN-5 


ACFT-1 

4218.436 

0 

0 

0 

529.741 

ACFT-2 

367.303 

0 

273.595 

301.525 

245.201 

ACFT-3 

0 

0 

0 

79.61 

ACFl  ^ 

1932.452 

0 

1994.064 

0 

WPN. 

USAGE 

4586.739 

1932.452 

273.595 

2295.589 

854.552 

ACFT. 

USAGE 


3.292 


21.45 


1.174 


89.183 


The  substantial  difference  came  from  the  weapons  allocation.  The  goal  pro¬ 
gramming  model  selected  mostly  the  weapons  with  substantial  costs.  The  model 
executed  the  selection  process  witjhout  bias.  Indeed,  weapon  type  1,  and  weapon 
type  2  were  used  at  significant  levels  compared  to  the  probabilistic  model  (Figure 

4.36) .  Similar  to  the  probabilistic  model,  a  99%  target  destruction  rate  was  achieved. 
Only  11.513  of  target  type  4  in  the  third  distance  band  remained  unattacked.  The 
model  presented  a  diversity  in  weapons  allocations  process  for  aircraft  type  2  (Figure 

4.37) . 

The  mission- percentage  constraint  produced  some  significant  marginal  val¬ 
ues.  For  example,  the  marginal  value  from  the  ACFT-1.TGT-4.DIST-3  mission- 
percentage  constraint  was  -0.995;  the  one  from  the  ACFT-3.TGT-4.DIST-3  mission- 
percentage  constraint  was  -0.978,  the  one  from  the  ACFT-4.TGT-4.DIST-2  was  - 
0.9 18.  This  means  that  to  allocate  one  more  sortie  to  one  of  these  missions  would 
decrease  the  deviations  in  the  objective  function  by  aproximatcly  one  unit.  For  the 
goal  programming  model,  the  marginal  values  imply  a  unit  decrease  in  the  objective 
function  if  the  related  resource  is  increased  by  one  unit.  So  the  marginal  evaluation 
affects  the  deviations  from  the  goals,  and  hence,  their  levels  of  achievement 
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Figure  4.35.  Number  of  Aircraft  Per  ‘■'ortie 
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Figure  4.36.  Number  of  Weapons  Used 
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Figure  4.37.  Use  of  Weapons  by  the  .Aircraft. 


A5  isi  ii»E  |»inog]nsDBiEiisia^  EsscM!«{y  fic»  <£en<£e  nrSceSiicir  Sttessf  ^ucas  a  6<» 
l)*uy  iisMW*?  sircrafE  <m-  weaposes  lice  E?fie  psTOCupeijEesiS  rariabHes  wane  cScecfeetJ. 

AiE  of  llt*T  pEixisrc'SBMrseE  variables^  EcBnce«i  ouE  to  be  zeeo^  iBiiplyiag  EiiaE  I  Steve  tsas  sco 
Eceenl  Eo  bsEV  istowr  aircffafs  or  wreapMss,  'ntc  ctirreBst  mveniozy  Eevds  were  a«!e<j«ale 
Eo  accojsiplish  Elce  BSBtssiojts. 

4-7  PF(tcaFtiae.TiE  Variabltts 

A  case  was  getteraled  to  deEenniiie  wheEher  tftc  goal  prograiBiniiiig  inelEtod 
would,  iii  fact,  alloiv  the  procureiiieiit  variables  to  be  in  the  solution.  To  generate 
this  case,  the  right-hand-side  ^aI«c•s  of  the  aircraft  a\ailabi!ity  constraint  were  di¬ 
minished  to  a  considerably  Im^'  level  lOr  each  type  of  aircraft.  The  goal  prc^rainiiiing 
application  of  Mixinaster  was  run  subject  to  low  aircraft  resources.  The  levels  of  the 
weapon  resources  were  kept  unchanged.  The  assumed  inventory  for  the  aircraft  is 
presented  in  Table  4.!-L 


Table  4.14.  .Assumed  In\*entor\'  Levels  of  .Aircraft 


ACFT-1 

10 

ACFT-2 

20 

ACFT-3 

10 

ACFT-4 

15 

riie  model  underachieved  lhcde.sircd  level  of  Target  Value  Destroyed  per  Dollar 
by  apj)roxinialely  50*^.  d'he  level  of  achievement  wa.s  O.OSS  and  the  de.sired  level  wa.s 
0.16.  Hut  mo.st  importantly  the  model  u.sed  the  aircraft  rc.source.s  completch';  in 
addition,  it  employed  the  aircraft  procurement  variablc.s  to  accomplish  the  missions. 
'I’he  current  \vea])on  inventory  was  adecpiate  for  the  requirements  of  the  campaign. 
The  solutions  showed  that  the  model  employed  16.151  of  aircraft  type  1,  20.030  of 


asrcrafg  SypM?  %  l&  dj  aarrrafl  Syu*?  3.  2eb«1  2:5.030  oi  atroaft  type  4  per  sortie  {Figture 
4M}. 


ACFT-1  ACFr-2  ACFT-S  ACFr-4 


Figure  4.3S.  Number  of  Aircraft  Per  Sortie 

If  the  current  method  of  JSG  had  been  implemented  to  determine  the  procure¬ 
ment  needs,  the  levels  of  use  for  aircraft  would  have  been  obtained  by  comj)uting 
the  difference  from  the  current  aircraft  invcntor3'.  However,  in  the  goal  programming 
approach,  the  procurement  variables  would  present  the  difference  that  wor.hi  have 
been  computed  under  the  current  approach.  Indeed,  in  this  case,  the  procurement 
variables  are: 


6.451 
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*^CFT-Z  —  ® 

*^CFT-4  —  S-030 

indicating  that  there  is  a  need  to  buy  6.451  more  aircraft  of  type  1,  0.030  of  t\-pe  2, 
and  S.030  of  ty|>e  4.  Consequently,  a  decision  should  be  made  taking  these  procure¬ 
ment  I'ariabics  into  account. 

-j.S  Summary 

This  chapter  presented  the  results  obtained  from  the  implementations  of  mod¬ 
ifications.  Since  the  simple  cost  emploi'ment  methods  did  not  include  the  cost  and 
budget  figures  in  the  configuration  of  the  model  simultaneoush*,  thej*  proved  to  be 
unsatisfactory-  except  for  one  feature  that  the  last  simple  cost  employment  method 
provided.  This  feature  is  that  the  last  simple  cost  employment  method  introduces 
the  maximum  Target  Value  Destroyed  per  Dollar  that  can  be  achieved  within  the 
given  data  base  and  the  mission  plan.  The  research  adopted  that  value  to  use  in  the 
goal  programming  approach  as  the  desired  level  of  the  Target  Value  Destroyed  per 
Dollar. 

The  goal  programming  application  generated  important  features.  First,  it  al¬ 
lowed  the  inclusion  of  both  cost  and  budget  figures  in  the  configuration  simultane¬ 
ously.  Secondly',  since  it  cnn>'oys  the  procurement  variables  directly  in  the  configu¬ 
ration,  f  here  were  no  reciuirements  for  further  calculations  to  determine  the  procure¬ 
ment  needs.  Finally,  the  aircraft  and  weapons  allocations  procc.ss  was  not  biased  by 
the  substantial  cost  differences. 

The  probabilistic  approach  introduced  the  time  i.ssuc.  The  probabilities,  the 
expected  kill  values  and  the  costs  were  all  time-dependent  variables.  Consequently, 
the  i^robabilistic  method  proved  to  be  a  conservative  method  because  the  model 
achieved  almost  the  same  target  destruction  rate  by  using  considerably  fewer  air- 
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craft  and  weapons  than  the  previous  methods.  The  reason  was  interpreted  to  be  the 
time  «‘xainp!e,  in  the  previous  nicthod,  an  aircraft  was  launching  all  the 

weapons  that  ivere  loaded.  But  in  the  probabilistic  method,  the  expected  number  of 
attacks,  and  hence,  the  nujnber  of  weapons  launched  are  time-dependent.  Therefore, 
the  research  also  noted  that  the  probabilistic  method  would  produce  more  accurate 
minibers  given  that  the  parameters  A  and  //  arc  accurate.  However,  the  probabilistic 
method  did  not  include  both  the  cost  and  budget  figures  simultaneously.  Follow-on 
calculations  were  required  to  determine  the  procurement  needs.  Due  to  these  dis¬ 
advantages.  the  research  developed  a  goal  programming  version  of  the  probabilistic 
methods. 

! 

The  goal  programming  version  of  tlie  probabilistic  approach  also  employed  the 
procurement  variables  directl}'  in  the  configuration.  The  cost  and  budget  figures 
were  involved  simultaneous!}'.  No  further  calculations  were  required  to  determine 
I)rocurement  needs.  The  model  was  not  influenced  by  the  substantial  cost  differ¬ 
ences  which  could  cause  a  bias.  Furthermore,  introducing  the  time  variable  in  the 
calculations  jjromised  more  accurate  results  given  that  the  parameters  A  and  ji  are 
estimated  accurately. 

The  following  chapter  discusses  the  case  studies.  Two  different  mission  plans 
arc  employed  in  the  complete  cost  model,  the  goal  programming  model,  the  prob¬ 
abilistic  model  and  the  goal  programming  version  of  the  probabilistic  model.  The 
effects  of  the  leading  constraint  and  the  consistency  of  the  modifications  are  investi¬ 
gated. 
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V.  CASE  STUDIES 


5. 1  IntToduction 

This  chapter  reports  the  behavior  of  the  model  subject  to  various  mission 
plans.  For  investigating  the  overall  consistency  of  the  modifications  and  the  sug¬ 
gested  models,  the  study  e.xecuted  two  case  studies.  These  case  studies  employed 
different  mission  percentages  for  each  type  of  aircraft  in  the  scenario.  Changing 
the  mission  percentages — they  are  actually  the  percentages  of  the  total  sorties  that 
should  not  be  exceeded — meant  changing  the  leading  constraint.  This  constraint,  as 
explained  previously,  has  already  been  leading  the  model  as  the  scenario  requires. 
The  last  simple  cost  modification,  the  goal  programming  approach,  the  probabilistic 
approach  to  determine  the  cost  coefficients  in  the  objective  function  and  its  goal 
programming  version  were  run  for  these  two  cases.  The  first  case  is  the  mission 
plan  that  defines  the  upper  bounds  of  sortie  allocation  to  targets  for  each  aircraft 
by  mission.  The  second  mission  plan  defines  the  same  upper  bounds  distance-wise. 
The  aircraft  fly  against  all  targets  but  in  only  one  distance  band. 

In  case  1,  aircraft  type  1  is  dedicated  to  SAM  suppression.  50%  of  the  total 
sorties  that  aircraft  type  2  fly  are  planned  for  logistic  suppression;  the  remaining 
50%  are  planned  for  close  air  support  (CAS).  Aircraft  type  3  is  dedicated  to  airbase 
attack.  Finally,  aircraft  type  4  is  planned  to  be  used  for  CAS  in  the  first  distance 
band.  These  allocations  arc  presented  in  Table  5.1. 

In  case  2,  aircraft  type  1  is  planned  to  fly  airbase  attack,  SAM  suppression, 
logistic  suppression  and  CAS  only  in  the  second  distance  band  with  equal  numbers 
of  sorties.  Aircraft  type  2  is  planned  differently.  Aircraft  type  2  flies  35%  of  its  total 
sorties  for  airbase  attack,  35%  for  SAM  suppression  and  30%  for  logistic  suppression 
only  in  the  first  distance  band.  Aircraft  type  2  docs  not  fly  CAS  missions.  The  plan 
dictates  aircraft  type  3  to  fly  equal  numbers  of  sorties  for  airbase  attack,  SAM  sup¬ 
pression,  logistic  suppression,  and  CAS  in  the  third  distance  band.  Finally,  the  plan 
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dedicates  20%  of  the  total  sorties  that  aircraft  t3'pe  4  flies  to  SAM  suppression,  20% 
to  logistic  suppression  and  60%  to  CAS,  in  the  first  distance  band.  The  allocations 
of  case  2  are  described  in  Table  5.2. 

These  cases  were  modeled  using  the  complete  cost  model  (i.e.,  including  the 
aircraft,  weapon  and  sortie  costs),  for  the  goal  programming  method,  for  the  proba¬ 
bilistic  approach  and  for  the  goal  programming  version  of  the  probabilistic  approach. 

5.2  Case  1 

5.2.1  Simple  Cost  Employment  Method.  This  model  is  the  complete  cost 
model  whose  objective  function  includes  the  aircraft,  weapon  and  sortie  costs.  The 
model  achieved  a  level  of  0.0889  Target  Value  Destroyed  per  Dollar.  The  level  of  use 
for  aircraft  type  3  was  considered  to  be  remarkable  since  this  aircraft  type  was  the 
most  expensive  type  (Figure  5.1).  The  summary  of  the  numerical  results  is  presented 
in  Table  5.3. 

The  target  destruction  rate  was  78%  with  488  targets  of  type  4  in  the  third 
distance  band  unattacked.  As  a  tactical  suggestion,  the  plan  confined  aircraft  type 
4  in  the  first  distance  band  against  target  type  4.  The  number  of  sorties  assigned 
to  this  aircraft  type  was  more  than  what  is  required  to  destroy  target  type  4.  The 
solution  showed  that  aircraft  type  4  employed  19%  of  its  total  effort.  This  percentage 
was  sufficient  to  perform  the  mission.  However,  most  of  the  same  type  targets  in  the 
third  distance  band  remained  unattacked.  The  upper  bound  on  sorties  that  aircraft 
type  2  was  suppo.scd  to  fly  against  target  type  4  in  the  third  distance  band  was 
not  adequate  to  permit  destruction  of  all  type  4  targets.  Furthermore,  employing 
another  aircraft  type  was  implausible  in  the  mission  plan.  The  model  acted  with 
bias  in  weapon  usage.  Although  it  allocated  the  most  expensive  weapon,  which  was 
weapon  type  1,  at  a  level  of  2652.175,  it  did  not  use  weapon  type  2  (Figure  5.2). 
The  weapon  that  the  model  used  most  was  weapon  type  4.  Figure  5.3  shows  that 
aircraft  type  2  had  the  diversity  of  weapon  allocations. 


Tabic  5.1.  Mission  Plan  of  Case  1 


Airbase  Sam  ^  Logistic  Close  -Air 

.Attack  Suppression  Suppression  Support 


TGT-1 

TGT-2 

TGT-3 

TGT-4 

ACr  1-1 

DIST-1 

NONE 

0..30 

NONE 

NONE 

DIST-2 

NONE 

0.30 

NONE 

NONE 

DIST-3 

NONE 

0.40 

NONE 

NONE 

ACFT-2 

TGT-1 

TGT-2 

TGT-3 

TGT-4 

DIST-1 

NONE 

NONE 

0.20 

NONE 

DIST-2 

NONE 

NONE 

0.10 

0.25 

DIST-3 

NONE 

NONE 

0.20 

0.25 

ACFT-3 

TGT-1 

TGT-2 

TGT-3 

TGT-4 

DIST-l 

0.25 

NONE 

NONE 

NONE 

DIST-2 

0.35 

1 

NONE 

NONE 

NONE 

DIST-3 

0.40 

NONE 

NONE 

NONE 

ACFT-4 

TGT-1 

TGT-2 

TGT-3 

TGT-4 

DIST-1 

NONE 

NONE 

NONE 

1.00 

DIST-2 

NONE 

NONE 

NONE 

NONE 

DIST-3 

NONE 

NONE 

NONE 

NONE 
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Table  5.2.  Mission  Plan  of  Oase  2 


ACFT-1 


ACFT-2 


ACFT-3 


ACFT-4 


Airbase  Sam  logistic  Close  Air 

Attack  Suppression  Suppression  Support 


TGT-1 

TGT-2 

TGT-3 

TGT-4 

DIST-1 

NONE 

NONE 

1 

NONE 

.40NE 

DIST-2 

0.25 

0.25 

0.25 

0.2-. 

DIST-3 

-NONE 

NONE 

NONE 

NONE 

TGT-1 

TGT-2 

TGT-3 

TGT-4 

DIST-1 

0.35 

0.35 

0.30 

NONE 

DIST-2 

NONE 

NONE 

NONE 

NONE 

DIST-3 

NONE 

NONE 

NONE 

NONE 

TGT-1 

TGT-2 

TGT-3 

TGT-4 

DIST-1 

NONE 

NONE 

1 

NONE 

NONE 

DIST-2 

NONE 

NONE 

1 

1 

NONE 

NONE 

DIST-3 

0.25 

0.25 

0.25 

0.25 

TGT-1 

TGT-2 

TGT-3 

TGT-4 

DIST-i 

NONE 

0.20 

0.20 

0.60 

DIST-2 

NONE 

NONE 

NONE 

NONE 

DIST-3 

NONE 

NONE 

NONE 

NONE 
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Figure  5.2.  Number  of  Weapons  Used 
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Figure  5.3.  Use  of  Weapons  by  the  Aircraft 
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Table  5.3.  Summary  of  Aircraft- Weapon  Allocations 


WPN-1  WPN-2  WPN-3  WPN-4  WPN-5 


ACFT-1 

0 

0 

722.892 

1873.922 

0 

ACFT-2 

2652.175 

0 

0 

1532.167 

1843.028 

ACFT-3 

0 

0 

454.545 

0 

518.909 

ACFT-4 

0 

0 

0 

2500 

0 

WPN. 

USAGE 

2652.175 

0 

1177.437 

5906.088 

2361.937 

ACFT. 

USAGE 


7.494 


159.631 


11.915 


24.167 


The  marginal  values  obtained  from  the  mission-percentage  constraint  were  in¬ 
significant,  but  some  of  the  sortie  allocations  were  not  used  at  all.  With  a  close 
examination  of  the  upper  bounds  for  sortie  allocations,  the  mission  planner  can  eas¬ 
ily  assign  the  sorties  which  were  not  flown  to  missions  that  would  contribute  more 
to  the  objective.  For  instance,  in  the  mission-percentage  constraint  the  sortie  allo¬ 
cations  of  aircraft  types  1  and  2  that  remained  idle  could  be  used  for  airbase  attack, 
SAM  suppression,  and  CAS  missions  in  each  distance  band. 

In  terms  of  the  procurement  decision,  the  levels  of  use  of  aircraft  and  weapon 
types  implied  that  there  was  no  need  to  buy  more.  The  current  inventory  levels 
were  adequate  to  supply  the  mission  requirements  during  the  first  time  interval  of 
the  campaign. 


5.2.2  Goal  Programming.  The  goal  programming  results  were  similar  to  those 
obtained  in  the  complete  cost  model.  Indeed,  even  with  50%  underachivement,  the 
value  of  Targel  Value  Destroyed  per  Dollar  'Appeared  to  be  nearly  the  same.  The  neg¬ 
ative  deviate  dj"  from  the  first  goal  was  0.071,  and  the  desired  level  of  achievement 
was  O.IG;  therefore,  the  first  goal  was  underachieved.  The  actual  value  of  Target 
Value  Destroyed  per  Dollar  was  0.086.  However,  the  same  level  of  achievement  of 
the  goals  did  not  mean  the  same  allocations  of  aircraft  and  weapons.  Aircraft  types  2 
and  4  were  used  more  significantly  than  the  other  types  (Figure  5.4).  The  summary 
of  the  numerical  re'’ults  is  presented  in  Table  5.4 
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Table  5.4.  Summary  of  Aircraft- Weapon  Allocations 

ACFT. 

WPN-1  WPN-2  WPN-3  WPN-4  WPN-5  USAGE 

ACFT-1  0 _ 0  722.892  1873.922  0 

ACFT-2  6000  12.748  0  1532.167  1282.933 

ACFT-3  0 _ 0  454.545  0  518.909 

ACFT-4  0  634.318  6822.563  2424.242  0 

WPN.  I - 1 - i - ^ - 1 - 

USAGE  6000  647.07  8000  5830.33  1801.84 


Figure  5.4.  Number  of  Aircraft  Per  Sortie 


The  target  deslrucliosi  rate  was  11601%',  wlcoreas  of  tasgei  Ijise  4  scsiBaiiaied 
unattacked  iai  the  cojEipIete  cotst  eicodcj.  But  to>  destem'  ail  tlise  targets,  tire  suoidei 
used  more  weapons  inciudiug  tire  rsrotst  esperrsive  ernes,  Weape^s  types  I  and  3  were 
exhausted  by  the  model  (Figure  5,5),  It  is  noteworthy  tlrat  tire  model  used  the  rnotst 
expensive  tveapon  in  its  allocation  process.  Tiiis  belravior  indicated  that  the  goal 
programming  structure  worked  better  with  the  leading  constraint. 


Figure  5.5.  Ntiinbcr  of  Weapons  U-sed 


The  deviations  from  the  goals  were  not  pre.senl  in  the  solution  except  for  the 
negative  deviate  from  the  first  goal  dj'.  This  implied  the  satisfaction  of  all  the  goals 
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C'Sccfiti  filce-  iiffsfi  o®**.  BuS  «rv«n  this  level  of  achievesBEeBst  f<w  the  laiget  ralue  destroyed 
was  coBBsidesed  to  he  satisfacton'  since  all  tlte  targets  were  deslroji'ed. 

ho  theei'aluasioii  of  lice  EBiar^iial  v-aloBcs  frmii  the  ini^on-perceiBtagccoBtstraint. 
B£©  sigBiificaoit  ESBarginal  ralucs  were  obserBi'ed.  Howe«'cry  as  far  as  tloc  study  was 
coBccencedr  tSte  BEUsnher  of  sorties  reinaiioing  idle  could  be  allocated  to  aircraft  type  3 
agaioBSt  target  type  4.  TlEcre  were  other  sorties  to  allocate  to  aircraft  type  4  agaiiEst 
target  types  i  arid  2.  but  the  assignment  of  aircraft  type  4  to  target  types  1  and  2 
would  he  a  tactical  iBiisuse  of  the  aircraft.  .Aircraft  types  2  and  4  had  the  diversity 
of  weajoon  allocations,  .All  aircraft  and  iveapon  t\'pcs  were  employed  by  ihe  model 
(Figure  5.G). 

In  terms  of  the  procurement  decision,  the  study  concluded  that  there  was  no 
need  to  buy  more  aircraft  or  weapons  because  the  procurement  variables  </j  and 
did  not  appear  in  the  solution.  Furthermore,  within  the  given  time  scenario,  the 
model  produced  a  solution  that  destroj'cd  all  the  targets  using  the  resources  in  the 
current  inventort". 

5.2.3  Probabilistic  Method.  The  probabilistic  method  results  of  the  case  I 
pian  were  conservative  as  the\'  were  with  the  original  plan.  However,  the  levels 
of  use  of  aircraft  types  were  significantly  different  than  those  obtained  with  the 
baseline  plan.  .A  level  of  0.0356  Target  Value  Destroyed  per  Dollar  was  achieved  as 
the  objecti’ e  function  value.  The  missionw'ise  allocation  of  the  aircraft  made  the 
model  assign  even  the  most  c.xpensivc  aircraft,  w'hich  is  aircraft  type  1  (Figure  5.7). 
'File  summary  of  the  numerical  results  is  presented  in  Table  5.5. 

If  was  e.xpected  that  the  model  would  not  use  e.xpensive  w'eapojis.  Indeed, 
weapon  types  1 , 2,  and  3  were  tiof  employed  at  all.  Overall  evaluation  of  the  weapon 
use  wa.s  that  the  model's  weapon  selection  was  not  sound  from  the  tactical  point  of 
view  (Figure  5.8).  'I’here  was  no  diversity  of  weapon  usage.  All  of  the  mi.ssions  were 
accomplished  by  using  only  two  weapon  types  (Figure  5.9). 
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Figure  5.6.  Use  of  Weapons  by  the  Aircraft 


Table  5.5.  Summary  of  Aircraft- Weapon  Allocations 


WPN-1  WPN-2  WPN-3  WPN-4  WPN-5 


ACPT-1 

0 

0 

0 

852.351 

0 

ACFT-2 

0 

0 

0 

0 

778.311 

ACFT-3 

0 

0 

0 

0 

66.208 

ACFT-4 

0 

0 

0 

0 

796.083 

WPN. 

USAGE 

0 

0 

0 

8.52.351 

1840.602 

ACFT. 

USAGE 


11. .338 


18.1 


1.913 


34.678 
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Figure  5.7.  Number  of  Aircraft  Per  Sortie 
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Figure  5.8.  Number  of  Weapons  Used 
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The  target  destruction  rate  was  69%,  and  only  51%  of  target  type  4  could  be 
destroyed.  The  number  of  sorties  assigned  to  aircraft  type  2  against  target  type  4 
in  the  second  and  third  distance  bands  was  not  sufficient.  The  marginal  values  from 
the  mission-percentage  constraint  implied  that  the  case  1  mission  plan  was  not  well 
planned.  There  were  very  significant  marginal  values.  The  values  from  the  ACFT- 
2.TGT-1.DIST-1,  2,  and  3  mission- percentage  constraints  were  the  most  significant 
marginal  values  at  a  level  of  0.002.  These  significant  marginal  values  implied  that  the 
use  of  aircraft  type  1  against  target  type  1  would  contribute  more  than  the  current 
allocation  did.  In  the  missionwise  planning,  the  numbers  of  sorties  that  aircraft 
types  were  supposed  to  fly  were  not  equally  distributed.  Consequently,  there  were 
idle  sorties  that  were  not  flown  at  all.  By  observing  the  marginal  values,  the  results 
suggested  the  assignment  /f  the  remaining — not  flown — sorties  to  the  missions  with 
high  marginal  values. 

In  terms  of  the  procurement  needs,  the  levels  of  use  for  aircraft  and  weapon 
types  were  not  more  than  the  current  inventory  levels.  There  was  no  need  to  buy  new 
aircraft  or  weapons.  The  current  inventory  was  sufficient  to  supply  the  requirements 
of  the  campaign.  Furthermore,  it  should  be  noted  that  the  evaluation  of  the  marginal 
values  should  be  done  before  the  successive  runs  of  the  models  to  determine  the  actual 
procurement  needs. 

5.2.4  Goal  Programming  Version  of  the  Probabilistic  Method.  The  goal  pro¬ 
gramming  version  of  the  probabilistic  method  produced  very  similar  results  to  those 
obtained  in  the  preceding  section.  The  same  value  of  0.03  was  achieved  as  the  7'ar- 
get  Value  Destroyed  per  Dollar.  Actually,  the  target  value  goal  was  underachieved. 
The  desired  level  was  0.25  and  the  results  showed  that  the  negative  deviate  from 
the  target  value  goal,  df ,  was  0.22;  hence,  the  difference  was  the  level  of  achieve¬ 
ment  for  this  goal  as  0.03  Target  Value  Destroyed  per  Dollar.  The  behavior  of  the 
goal  programming  model  was  not  as  conservative  as  it  was  in  the  preceding  section. 
The  goal  programming  construction  eliminated  the  bias  that  w,.3  occurring  in  the 
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Figure  5.9.  Use  of  Weapons  by  the  Aircraft 
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Table  5.6.  Summary  of  Aircraft-Weapon  Allocations 


WPN-1  WPN-2  WPN-3  WPN-4  VVPN-5 


ACFT-1 

0 

0 

0 

852.351 

0 

ACFT-2 

3657.704 

0 

741.765 

0 

0 

ACFT-3 

0 

0 

0 

0 

66.208 

ACFT-4 

0 

1685.915 

0 

2411.008 

0 

WPN. 

USAGE 

3657.704 

1685.915 

741.765 

3263.359 

66.208 

ACFT. 

USAGE 


11.34 


44.72 


1.91 


80.37 


aircraft /weapon  selection  process.  In  this  construction,  the  model  used  all  types  of 
aircraft  and  weapons  regardless  of  their  substantial  costs. 

The  model  employed  all  aircraft  types  (Figure  5.10).  The  levels  of  use  for 
aircraft  types  2  and  4  were  significant.  However,  the  mission  plan  constrained  the 
use  of  aircraft  type  2  against  target  type  4  in  the  second  and  third  distance  bands.  In 
addition  there  were  substantial  numbers  of  sorties  that  remained  idle.  The  summary 
of  the  numerical  results  is  presented  in  Table  5.6. 

With  this  mission  plan  a  level  of  70%  Wcis  achieved  as  the  target  destruction 
rate.  Similarly,  only  52%  of  target  type  4  could  be  destroyed.  There  was  a  1% 
increase  compared  to  the  results  of  the  preceding  model.  To  accomplish  the  missions 
with  70%  target  destruction  rate,  the  model  employed  all  weapon  types  (Figure 
5.11).  Clearly,  the  weapon  that  the  model  used  most  was  weapon  type  1  which,  at 
the  same  time,  was  the  most  expensive  weapon.  The  study  interpreted  that  behavior 
as  strong  evidence  for  an  unbiased  selection  process. 

The  marginal  values  from  the  mission- percentage  constraint  seemed  to  sug¬ 
gest  the  same  thing  The  marginal  values  from  the  ACFT-2.TGT-4.DIST-2  and  3 
mission-percentage  constraint  were  the  most  significant  at  levels  of  -0.932  and  -0.940 
respectively.  The  study  concluded  that  if  the  number  of  preassigned  sorties  to  be 
flown  by  aircraft  pe  2  against  target  type  4  in  the  second  and  third  distance  bands 
had  been  increased,  the  deviations  from  the  goals  would  have  been  decreased.  Also, 
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5.10.  Number  of  Aircraft  Per  Sortie 


Figure  5.11.  Number  of  Weapons  Used 


the  study  observed  that  a  substantial  number  of  sorties  for  aircraft  type  1  were 
assigned  unnecessarily.  It  was  suggested  that  those  idle  sorties  should  have  been  al¬ 
located  to  missions  with  high  marginal  values.  Therefore,  the  levels  of  achievement 
for  the  goals  would  have  increased. 


Figure  5.12.  Use  of  Weapons  by  the  Aircraft 


The  aircraft /weapon  allocations  presented  more  diversity  than  the  probabilistic 
model  did.  In  Figure  5.12,  the  allocations  showed  that  there  w<is  a  diversity  in 
weapon  usage.  This  diversity  can  be  interpreted  as  the  significant  difference  from 
the  preceding  model. 
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Although  the  goal  programming  model  used  more  weapons,  it  did  not  incur 
any  shortage  in  the  current  aircraft  and  weapon  inventories.  The  goal  programming 
model  used  more  weapons  than  the  probabilistic  model  in  order  to  achieve  the  goals. 
This  meant  that  a  significant  number  of  weapons  were  allocated  although  they  had 
small  contributions  to  the  achievement  of  the  goals.  There  was  no  need  to  buy 
new  aircraft  or  weapons.  The  current  inventory  levels  were  adequate  to  supply  the 
requirements  for  the  campaign.  In  addititon,  the  evaluation  of  the  marginal  values 
should  preempt  the  decision  for  further  runs  by  updating  the  constraint  with  the 
initial  results  because  the  marginal  values  may  suggest  better  missions. 

5.3  Case  2 

5.3. 1  Simple  Cost  Employment  Method.  The  mission  plan  of  case  2  was  made 
distancewise.  Each  aircraft  type  flew  all  the  missions  but  only  in  one  particular 
distance  band.  The  complete  cost  model  produced  reasonable  results  that  helped 
highlight  how  the  leading  constraint  affected  the  model.  The  objective  value  of  this 
method  with  the  case  2  mission  plan  was  0.1382  Target  Valne  Destroyed  per  Dollar. 
It  was  considerably  higher  than  the  value  obtained  with  the  ca.se  1  mission  plan. 
However,  the  case  2  mission  plan  was  not  as  successful  as  the  case  1  mission  plan 
in  terms  of  the  number  of  targets  destroyed.  The  target  destruction  rate  Wcis  54% 
which  was  significantly  lower  than  the  rate  achieved  with  the  case  1  mission  plan. 
.As  another  result  of  the  case  2  mission  plan,  73%  of  target  type  4  could  not  be 
destroyed.  To  destroy  54%  of  the  targets,  the  model  employed  all  weapon  types 
(Figure  5.13).  It  was  remarkable  that  the  leading  constraint  affected  the  selection 
process  of  the  model  because  the  level  of  use  for  aircraft  type  3  was  quite  different 
from  those  of  the  modifications  previously  presented.  The  case  2  mission  plan  forced 
the  model  to  use  the  aircraft  for  all  the  missions  and  preassigned  them  distancewise. 
The  summary  of  the  numerical  results  is  presented  in  Table  5.7. 
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Table  5.7.  Summary  of  Aircraft- Weapon  Allocations 


ACFT-1 

ACFT-2 

ACFT-3 

ACFT-4 

WPN. 

USAGE 


WPN-1  WPN-2  WPN-3  WPN-4  WPN-5 


0 

0 

0 

1603.369 

817.32 

0 

0 

0 

1004.785 

402.377 

0 

0 

935.673 

0 

1415.505 

0 

0 

0 

2500 

0 

0 

0 

935.673 

5108.153 

2635.202 

ACFT. 

USAGE 


27.926 


5.366 


16.73 


24.167 


Figure  5.13.  Number  of  Aircraft  Per  Sortie 
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The  model  did  not  use  any  of  the  relatively  expensive  weapons.  The  behavior 
that  the  model  displayed  in  the  weapon  selection  process  weis  expected  since  the 
leading  constraint  did  not  have  any  effect  on  the  weapon  selection  process  (Figure 
5.14). 


Figure  5.14.  Number  of  Weapons  Used 

The  marginal  values  from  the  mission-percentage  constraint  were  insignificant. 
However,  the  model  could  not  destroy  73%  of  target  type  4  in  the  second  and  third 
distance  bands.  The  case  2  mission  plan  led  the  model  to  use  aircraft  type  1  in  the 
second  distance  band  and  aircraft  type  3  in  the  third  distance  band.  The  number 
of  sorties  preassigned  to  aircraft  types  1  and  3  were  not  adequate  to  accomplish 
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the  dcstnicticn  of  the  resnaitisng  type  4  largels.  FurtScesnsose^  tfeeae  wese  ©Slues" 
misstoas  where  the  ^'csy  sassse  aircraft  Slew  a  fewer  nansuWr  c^’scrtccs  Sisast  preassigned. 
Thcreforej  a  coitsiderable  amount  of  sorties  resssaisced  idle.  Tice  study  suggested 
changing  the  upper  bound  of  sorties  that  aircraft  types  could  ily  by  taking  the 
marginal  ^-alucs  into  consideration.  It  should  be  icoled  that  each  run  may  produce 
more  prohiablc  suggestions  for  the  mission  plan. 


Figure  5.15.  Use  of  Weapons  by  the  Aircraft 


In  terms  of  aircraft/weapon  allocation,  it  sliouid  be  noted  that  (he  inodeFs 
aircraft  allocation  process  had  a  tendency  toward  co.stly,  yet  effective,  aircraft  types 
wheras  the  wcai)on.s  allocat  ions  process  did  not,  favor  the  co.st  ly,  yet  effective  weapons 
(Figure  5.15). 
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lo  «Eecc<{e  v7ic«ilMrr  tS^rre  iiq!5  a  scced  to  buy  tmv  aircsaft  and  wcaposis,  fitc 
kr^'cds  of  me  f<D?  aircraft  aud  mrapoiis  tsrerc  cojBtj^arcrd  with  the  currcui  inventor}* 
levels-  "life  study  concluded  that  titere  was  no  new  procurement  needs.  Tlie  current 
invesstor}'  levels  were  adequate  to  supply  t  he  requirejiients  of  t  he  campaign.  However, 
if  ticere  we're  still  soisie  undestroyed  targets,  eve;i  after  accounting  for  the  changes 
caused  by  the  iEiter{)retaiions  of  the  inar^nal  iTtlues,  then  additional  runs  would  be 
necessairy  to  implement  all  the  missions  (i.c.,  the  tvay  JSG  approaches  the  problem). 
CoEisequenily,  the  levels  of  use  show'ii  in  the  additional  runs  w'ould  dictate  whether 
there  'would  !>e  a  need  to  buy  new  resources  or  not. 

Goal  Programming.  The  goal  programming  approach  was  expected  to 
eliminate  bias  from  the  model.  .-Mlhough  the  results  revealed  that  the  model  ignored 
the  substantial  cost  dilferences  in  the  aircraft  and  weapons  allocation  process,  the 
model  did  not  ignore  the  costs  of  aircraft  and  weapons.  The  desired  level  of  achieve¬ 
ment  for  the  Target  Value  Destroyed  per  Dollar  goal  was  0.16.  However,  the  negative 
deviate,  dj",  appeared  in  the  solution  as  0.025  impl35ng  the  underachievement  of  that 
goal.  Then,  the  level  of  achievement  for  the  goal  was  determined  by  tlic  difference 
which  was  almost  the  same  as  the  value  achieved  in  the  complete  cost  model.  This 
difference  was  0.135  target  value  detsro\'ed  per  dollar. 

Target  destruction  rate  was  a  92%  and  onh'  136.822  of  target  type  4  in  the 
second  distance  band  remained  unattacked.  The  reason  for  this  appears  to  be  the 
limitations  caused  In'  the  case  2  mi.ssion  plan.  .Aircraft  type  I  was  preassigned  to 
the  .second  distance  band  to  fly  all  the  missions.  But  the  upper  bound  on  the  sorties 
that  this  aircraft  was  supposed  to  fl\'  was  not  adecpiate  to  permit  destruction  of  all 
target  tj'pe  4  in  this  particular  distance  band. 

With  the  ca.se  2  mission  |)lan,  the  model  employed  all  aircraft  types  (Figure 
5.16).  It  should  be  noted  that  the  levels  of  use  were  ver}'  significant.  Aircraft  types  1 
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and  3  were  employed  despite  their  substantial  costs.  The  summary  of  the  numerical 
results  is  presented  in  Tabic  5.8. 


Table  5.8.  Sun!mar\'  of  Aircraft-Weapon  .Allocations 


.ACFM 


Acrr-2 


ACFT-3 

Acrr-i 

VVP.N. 

US.AGE 


WI».\-1  WP.N^-2  \VP.\'-3  WP.NM  WPi\-5 


2470.727 

2590.911 

0 

1603.369 

18'1.615 

r 

0 

0 

0 

1004.785 

402.377 

3529.273 

41.39.703 

907.029 

0 

309.119 

0 

313.406 

7092.971 

2500 

0 

GGOO 

7044.019 

8000 

5108.153 

896.111 

ACFT. 

USAGE 


68.723 


5.336 


100 


1 10.862 


The  model  demonstrated  an  expected  behavior  in  the  weapons  allocations  pro¬ 
cess.  The  results  showed  that  weapon  type  1  and  3  were  exhausted  by  the  model. 
Obviousl}',  the  substantial  cost  differences  did  not  affect  the  allocation  process  since 
weapon  types  1,  2  and  3  were  used  at  significant  levels.  This  behavior  indicated 
the  unbiased  behavior  of  the  goal  programming  model  (Figure  5.17).  There  was  a 
diversity  of  weapon  usage  (Figure  5.18). 

The  evaluation  of  the  marginal  values  revealed  the  need  for  more  sorties  against 
target  tj-pe  4  in  the  second  distance  band.  The  marginal  value  from  the  .ACFT- 
1.TGT-4.DIST-2  mission-percentage  constraint  was  -0.264.  This  value  was  consid¬ 
ered  to  be  very  significant.  Also,  similarly,  there  were  some  idle  sorties  left  over. 
The  stud}'  suggested  raising  the  upper  bounds  of  mission-percetages  by  taking  the 
marginal  values  into  account. 

rhe  procurement  variables  and  did  not  a])pear  in  the  solution.  Further¬ 
more,  the  interj)retation  of  the  marginal  values  should  preempt  any  premature  pro¬ 
curement  decision.  The  initial  assignment  process  for  the  upper  bounds  on  sorties — 
mission  plan  would  likely  generate  a  better  solution,  the  new  results  then  could 
be  considered  to  determine  whether  there  would  be  a  need  to  buy  new  aircraft  and 
weapons. 
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Figure  5.16.  Number  of  Aircraft  Per  Sortie 
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Figure  5.18.  Use  of  Weapons  by  the  Aircraft 
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5.3.8  Probabilistic  Method.  In  the  probabilistic  method  the  case  2  mission 
plan  achieved  an  objective  of  0.078  Target  Value  Destroyed  per  Dollar.  The  antici¬ 
pation  was  that  the  model  would  again  act  conservatively.  Indeed,  the  results  were 
conservative  implying  that  fewer  aircraft  and  weapons  were  used.  However,  the  effect 
of  the  case  2  mission  plan  was  remarkable.  The  leading  constraint  strongly  led  the 
model. 

The  target  destruction  rate  was  88%  and  only  212.088  of  target  type  4  in 
the  third  distance  band  remained  unattacked  because,  again,  the  mission  plan  con¬ 
strained  aircraft  type  3  against  target  type  4  in  that  particular  distance  band.  On 
the  other  hand,  there  were  some  idle  sorties  that  aircraft  type  3  did  not  need  to 
fly  against  some  other  targets  since  those  targets  were  already  destroyed  by  fewer 
sorties. 

The  model  employed  all  aircraft  types  (Figure  5.19).  The  effect  of  the  case  2 
mission  plan  could  be  easily  observed  from  the  level  of  use  for  aircraft  type  3.  This 
level  of  use  weis  considerably  different  from  that  presented  for  the  case  1  mission 
plan.  The  summary  of  the  numerical  results  is  presented  in  Table  5.9. 


Table  5.9.  Summary  of  Aircraft- Weapon  Allocations 


WPN-1  WPN-2  WPN-3  WPN-4  WPN-5 


ACFT-1 

0 

0 

0 

275.117 

637.477 

ACFT-2 

0 

0 

0 

76.985 

48.2 

ACFT-3 

0 

0 

3910.227 

0 

70.412 

ACFT-4 

1002.273 

0 

0 

245.452 

796.083 

WPN. 

USAGE 

1002.273 

0 

3910.227 

597.554 

1552.172 

ACFT. 

USAGE 


9.114 


2.222 


29.69 


110.855 


The  model’s  behavior  in  the  weapon  allocation  was  biased  because  the  level  of 
use  for  weapon  type  1  was  not  considered  as  significant.  Furthermore,  weapon  type 
2  was  not  used  at  all.  To  achieve  an  88%  target  destruction  rate,  the  model  used 
1002.273  of  weapon  type  1,  3910.227  of  weapon  type  3,  597.554  of  weapon  type  4 
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and  1552.172  of  weapon  type  5  (Figure  5.20).  In  aircraft/weapon  allocations,  aircraft 
type  4  had  more  diversity  than  the  other  aircraft  types  (Figure  5.21). 


Figure  5.20.  Number  of  Weapons  Used 


The  marginal  values  from  the  rnis.'iion-percentage  constraint  were  all  insignif¬ 
icant.  However,  the  study  analyzed  the  levels  of  use  for  the  mission- percentage 
constraint.  As  previously  stated,  the  case  2  mission  plan  constrained  aircraft  type  3 
against  target  type  4  in  the  third  distance  band.  The  study  suggested  that  the  idle 
sorties  should  have  been  reassigned  by  increasing  the  upper  bound  for  the  ACFT- 
3.TGT-4.DIST-3  mission-percentage  constraint  if  a  higher  objective  function  value 
was  sought. 
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Figure  5.21.  Use  of  Weapons  by  the  Aircraft 
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To  determine  the  need  for  procurement,  the  levels  of  use  were  compared  with 
the  current  inventory  levels.  The  results  indicate  that  with  this  conservative  be¬ 
havior,  the  probabilistic  model  would  hardly  generate  any  need  to  buy  more  of  the 
resources  within  the  scenario  of  this  study.  Indeed,  there  Wcis  no  need  to  buy  new 
aircraft  or  weapons.  The  current  inventory  levels  were  adequate  to  supply  the  re¬ 
quirements  of  the  campaign.  Prior  to  making  procurement  decisions,  one  should 
evaluate  the  marginal  values  of  the  mission- percentage  constraint  since  they  may 
suggest  changes  in  the  mission  plan. 

5.3.4  Goal  Programming  Version  of  Ike  Probabilistic  Method.  The  goal  pro¬ 
gramming  version  of  the  probabilistic  method  achieved  more  success  than  the  original 
probabilistic  model  did  with  the  case  2  mission  plan.  The  target  destruction  rate 
was  92%  and  the  model  kept  the  same  value  of  the  objective  at  0.078  Target  Value 
Destroyed  per  Dollar.  In  this  configuration,  the  model  could  destroy  only  88%  of 
target  type  4.  Even  this  level  of  destruction  against  target  type  4  was  better  than 
that  of  the  conventional  linear  model. 

The  model  was  expected  to  act  unbia.sedly  against  substantial  cost  differences. 
Indeed,  the  levels  of  use  of  the  expensive  aircraft  and  weapons  presented  the  i>roof 
that  the  goal  programming  version  of  the  model  facilitated  the  guidance  of  the  leading 
constraint.  Moreover,  the  resources  were  employed  as  they  were  required,  regardless 
of  their  substantial  cost  differences.  The  model  used  all  aircraft  types  (Figure  5.22). 
The  summary  of  the  numerical  results  is  presented  in  Table  5.10. 

Another  superior  behavior  appeared  in  the  weapons  allocations  process.  The 
model  employed  the  first  two  types  of  weapons  despite  their  high  costs.  The  model 
achieved  the  same  level  of  Target  Value  Destroyed  per  Dollar  as  the  probabilistic 
model  did;  however,  the  goal  programming  version  used  the  weapon  resources  in  a 
more  balanced  fashion  (Figure  5.23).  It  noteworthy  that  the  probabilistic  model  had 
not  used  weapon  type  2  whereas  the  goal  programming  version  used  it  at  a  significant 
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level.  With  the  case  2  mission  plan,  the  allocation  process  of  the  goal  programming 
approach  presented  more  diversity  than  the  probabilistic  model  did  (Figure  5.24). 


Figure  5.23.  Number  of  Weapons  Used 


Anal\v.ing  the  marginal  values  from  the  mission-percentage  constraint  revealed 
that  the  case  2  mission  plan  constrained  aircraft  type  3  against  target  type  I  in  the 
third  distance  band.  There  were  some  idle  sorties  that  aircraft  type  3  did  not  fly 
because  the  preassigned  missions  were  already  accomplished  with  fewer  sorties  than 
initially  allocated.  The  study  observed  that  the  marginal  value  from  the  ACFT- 
3.TGT-4.DIST-3  mission-percentage  constraint  was  very  significant  at  a  level  of 
0.978.  This  significant  value  implied  that  one  additional  sortie  preassigned  to  aircraft 
type  3  against  target  type  I  in  the  third  distance  band  would  decrease  the  sum  of 
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the  deviations  from  the  goals  by  -0.978  unit.  The  results  suggested  that  the  idle 
sorties  should  be  reallocated  to  aircraft  type  whose  marginal  value  is  significant. 


Figure  5.24.  Number  of  Weapons  Used 


Consequently,  to  decide  whether  there  was  a  need  to  buy  new  aircraft  and 
weapons,  the  study  checked  the  values  of  the  procurement  variables  and 
They  did  not  appear  in  the  solution,  implying  that  there  was  no  need  for  new  air¬ 
craft  and  weapons.  The  results  support  the  argument  stated  in  the  preceding  section 
that  the  conservative  behavior  of  the  probabilistic  method  would  rarely  produce  a  so¬ 
lution  where  the  procurement  variables  have  significant  positive  values.  The  current 
inventory  levels  were  adequate  to  supply  the  requirements  of  the  campaign.  Again,  it 
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should  be  noted  that  levising  tice  igtissioss  plass  after  cmcnderisig  the  nsas^sial  values 
should  prceede  successive  rutts  to  detengaine  the  pnocugegaseait  ggeeds. 

5-4  Sumwary 

The  case  studies  were  iiaipkniegated  with  the  last  sigggpEecost  eggapkmaiets!,  the 
goal  programming  approach,  the  probabilistic  ggaetlaod.  aaad  the  goal  progragaiggiing 
version  of  the  probabilistic  method.  The  case  1  ggiissioti  plast  coaisisfs  of  laiissionwise 
initial  allocations,  whereas  the  case  2  mission  plan  initially  allocates  aircraft  dis- 
taiicewise.  The  results  obtained  from  the  iinplegaientat ions  showed  that  the  missioai 
plan — leading  constraint — has  a  cojisiderable  effect  on  the  model. 

.As  observed  in  Chapter  -I.  the  superior  features  of  the  goal  programmigig  coai- 
struction  such  as  unbiased  allocations,  providing  direct  answers  for  procurement, 
and  including  the  cost  and  budget  figures  simultaneously  was  remarkable.  Further¬ 
more,  the  probabilistic  method  kept  its  conservative  behavior  in  aircraft/weapon 
allocations  for  both  mission  plans. 


VL  comiusiom  -4iY/?  RECOMMENDATIONS 


/  /fc  riccr  o/  iht  HtstifXTck 

Givcsi ;  casBi|>^ig&B  sceaiario.  the  JSG  assalysis  efforts  iis  support  of  procureineuf 
<{ecisioB!5  do  sboI  issclude  the  costs  of  aircraft^  weapons  or  sorties.  Moreover,  wiieii 
a  decision  is  made  to  procure  aircraft  and  w'eapons,  the  analyses  do  not  directly 
address  the  question  of  ivhether  the  designated  budget  would  l>e  adc'quate  to  alloiv 
the  procurement  needs.  Therefore,  JSG  needs  a  modified  Mixmaster  model:  one 
which  incorporates  the  cost  and  budget  issues  within  its  construction.  In  this  way 
the  analyses  are  more  sound  and  tiiiieh'  since  the  results  are  e'.aliiated  on  the  basis 
of  cost- 

initial  attempts  at  modifying  the  Mixmaster  model  for  direct  inclusion  of  cost 
in  the  objective  function  caused  the  Mixmaster  model  to  execute  the  campaign  sce¬ 
nario  inconsistenth'  with  operational  and  tactical  needs  due  to  its  aggregation  level 
and  linear  construction.  This  inconsistency  is  manifest  as  allocating  an  aircraft  be¬ 
yond  its  operating  range  or  allocating  an  aircraft  with  improper  tactical  characteris¬ 
tics  against  a  target.  Such  problems  were  encountered  when  the  cost  of  aircraft  was 
included  in  the  objective  function.  The  model  considers  substantial  cost  differences 
between  two  aircraft  types  to  be  significant.  Consequentl}*,  the  results  obtained  from 
the  model  showerl  a  rc  jnarkable  bias  in  favor  of  the  least  costly  aircraft.  However,  in 
the  inventory  there  are  already  different  types  of  aircraft  and  weapons,  and  prior  to 
procurement  of  more  of  the  least  costly  aircraft,  TA(’  should  use  what  it  has  in  the 
inventory.  Allocating  the  least  costly  aircraft  makes  sense,  but  not  if  the  allocated 
aircraft  does  not  meet  operational  and  tactical  needs. 

Having  stated  the  problem,  the  research  objective  was  first  to  suggest  alterna¬ 
tive  modifications  to  the  model  and  then  to  investigate  them.  A  corollary  objective 
was  to  a,ssure  the  consistency  of  the  nuxlel  with  the  operational  and  tactical  needs. 
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Therefore,  the  research  generated  the  concept  of  a  leading  conslrainl.  This  constraint 
allocates  the  number  of  sorties  that  an  aircraft  should  not  exceed  when  flying  against 
a  target  type  determined  by  the  mission  planner.  The  maximum  numbers  of  sorties 
are  determined  as  the  percentages  of  the  total  sorties  that  an  aircraft  can  fly  given 
the  attrition  rates,  sortie  rates,  and  duration  of  the  conflict.  With  this  constraint, 
the  model  is  led  parallel  to  the  given  operational  and  .aciical  requirements.  Consc- 
quentK',  a  baseline  model  was  developed  with  the  addition  of  the  Icatling  constraint 
to  the  the  Mixmasler  model.  Indeed,  the  application  of  the  first  modification  with 
and  without  the  leading  constraint  demonstrated  that  the  leading  constraint  lia^l  a 
considerable  effert  on  the  model's  results. 

The  research  suggested  four  main  alternative  modifications  where  the  first  al¬ 
ternative  has  seven  variations  Thej-  are: 

1.  .Simple  cost  employment  in  the  objective  function 

•  Including  the  cost  of  aircraft 

•  Including  the  cost  of  munitions 

•  Including  the  cost  of  sortie  generation 

•  Inclu<ling  the  costs  of  both  aircraft  and  munitions 

•  Including  the  costs  of  both  aircraft  and  sortie  generation 

•  Inchuling  the  costs  of  both  munitions  anti  sortie  generation 

•  Including  the  costs  of  aircraft,  munitions  and  sortie  generatioi! 

2.  A  goal  prograniip.iiig  approach 

2.  A  probal/iiistic  approach  to  determine  the  cost  coeflifients  iii  the  oljjefj.ive 
function 

4.  A  goal  programming  version  of  the  probabilistic  approael-, 


All  modifications  were  applied  to  tlie  baseline  model.  The  data  base  and  the 
mission  plan — right-hand-side  values  of  the  leading  constraint — were  generated  by 
the  researcher,  and  two  c^lse  studies  were  performed  to  investigate  the  operational 
consistency  with  two  different  mission  plans.  Given  that  JSG  addresses  “real-life”  Air 
Force  procurement  problems,  and  the  number  of  constraints  is  fewer  than  the  number 
of  variables  in  the  linear  configuration  of  the  Mixmaster  model,  it  was  expected 
that  the  results  of  the  Mixmaster  model  will  give  more  than  one  optimal  solution. 
Indeed,  the  results  obtained  from  the  runs  presented  alternate  optimal  solutions. 
Unfortunately,  it  is  not  yet  possible  to  predetermine  the  number  of  alternate  solutions 
when  the  problem  size  is  quite  large  (i.e.,  problem  size  that  requires  a  computer 
program).  Thus,  the  research  interest  focused  on  the  solutions  obtained  with  the 
first  runs.  The  research  conclusions  are  presented  in  the  subsequent  sections. 

6.2  Simple  Cost  Employment  Method 

The  simple  cost  employment  methods  provided  the  researcher  with  an  un¬ 
derstanding  of  the  behavior  of  the  model  when  including  different  costs.  The  bias 
generated  by  the  evaluation  of  substantial  cost  differences  was  eliminated  to  a  re¬ 
markable  degree  by  means  of  the  leading  constraint.  But,  to  some  extent,  due  to 
the  linear  programming  construction  of  the  problem,  the  effect  of  including  different 
costs  generated  expected  behavior  from  the  model.  For  example,  including  the  cost 
of  aircraft  generated  an  allocation  pattern  from  less  costly  to  more  costly  aircraft 
while  still  obeying  the  leading  constraint.  Also,  the  research  did  not  generate  a  con¬ 
straint  that  would  lead  the  allocation  of  weapons,  'fhe  rea.son  for  this  is  the  weapon 
allocation  should  be  performed  on  an  expected  kill  basis  the  weapon’s  ability  to 
destroy  the  target.  For  the  model,  the  rlifferences  in  weapon  costs  were  much  more 
significanl  than  the  differences  in  expected  kills.  Including  oidy  the  aircraft  cost  ig¬ 
nores  the  wea|)on  and  sortie  costs;  whereas,  including  only  the  weapon  cost  ignores 
the  aircraft  and  .sortie  costs.  When  the  costs  were  combined,  the  effect  of  soitie  cost 


on  the  solution  was  insignificant.  In  particular,  when  the  aircraft,  weapon  and  sortie 
costs  were  combined  into  one  cost,  the  results  were  exactly  the  same  cis  the  ones 
produced  by  only  including  the  aircraft  and  weapon  costs.  The  objective  function 
value  was  somewhat  different  since  there  was  an  additional  cost. 

The  overall  evaluation  of  the  simple  cost  employment  methods  proved  unsatis¬ 
factory  for  various  reeisons.  First,  the  model  did  not  answer  the  procurement  question 
directly;  to  determine  the  need  for  procurement,  further  computations  were  required. 
Second,  when  procurement  was  required,  the  model  did  not  permit  inclusion  of  the 
budget  figure  designated  for  procurement.  As  previously  explained,  the  right-hand- 
side  values  for  the  aircraft  and  weapon  availability  constraints  were  assumed  to  be 
extremely  large.  Therefore,  the  model  was  not  constrained  by  the  current  inventory, 
rather  by  the  number  of  targets  and  the  sortie  rates.  After  running  the  model,  the 
levels  of  use  were  compared  with  the  current  inventory  levels.  If  the  current  inven¬ 
tory  levels  were  less  than  the  levels  of  use,  the  difference  would  indicate  the  need 
for  procurement.  If  not,  then  the  current  inventory  would  be  adequate.  Moreover, 
even  if  the  difference  indicated  a  need  for  procurement,  the  procurement  issue  was 
not  subjected  to  a  budget  constraint. 

However,  the  last  simple  cost  employment  method,  com|)Icte  cost  model,  pro¬ 
vided  an  important  feature.  Since  the  model  included  all  costs  and  was  run  by 
relaxing  the  aircraft  and  wea|)on  availability  constraints,  the  level  of  achievement 
for  the  objective  resulted  in  the  maximum  value  that  the  model  could  produce.  On 
the  other  hand,  producing  the  maximum  value  did  not  assure  that  the  allocations 
would  be  sound  because  in  the  original  linear  construction  of  the  Mixmaster  model, 
there  was  no  constraint  which  forced  the  model  to  u.se  |)rimarily  the  resources  in 
the  inventory.  But,  it  was  po.ssiblc  to  exploit  the  simple  cost  employment  method, 
especially  the  complete  cost  model. 


6.3  Goal  Programming 

The  goal  programming  formulation  of  the  complete  cost  model  produced  the 
most  satisfactory  results.  The  effect  of  the  leading  constraint  was  very  significant  in 
forcing  the  model  to  make  allocations  parallel  to  the  mission  plan.  The  allocations 
were  operationally  and  tactically  sound.  Not  using  the  cost  figures  in  the  objec¬ 
tive  function  eliminated  the  bias  that  the  linear  programming  inevitably  had  in  its 
solution  procedure.  Five  goals  were  defined: 

1.  Achieve  a  Level  of  Target  Value  Destroyed  per  Dollar  Spent  for  a  Mission 

2.  Achieve  at  lecist  80%  Sortie  Success 

3.  Avoid  Overutilization  of  Available  Aircraft 

4.  Avoid  Overutilization  of  Available  Munitions 

5.  Kill  as  Many  Targets  as  Possible 

The  objective  function  employed  positive  or  negative  deviates  in  terms  of  the 
desired  underachievement  or  overachievement  of  the  goals.  The  desired  level  of  target 
value  destroyed  was  found  by  means  of  the  last  simple  cost  employment  because  this 
value  was  the  maximum  achievable  Target  Value  Destroyed  per  Dollar  for  the  given 
scenario.  Reasonably,  the  thought  for  pushing  the  maximum  yield  above  the  achieved 
level  might  come  to  mind.  However,  with  the  equally-ranked  goal  programming 
model,  increasing  the  desired  level  for  target  value  destroyed  per  dollar  did  not 
change  the  level  of  achievement  since  it  was  already  at  the  maximum. 

Goal  programming  provided  a  solution  for  total  sortie  success  that  the  decision 
maker  seeks  to  achieve.  According  to  the  results,  the  level  of  sortie  success  was 
not  binding  for  the  given  scenario.  However,  there  may  be  some  cases  where  the 
desired  level  of  success  is  binding.  Hence,  the  decision  maker  would  readjust  the 
SOI  tie  success  level.  By  means  of  the  undcrachivement  variable  which  is  the  negative 


deviate  from  the  sortie  success  goal,  dloss~,  it  is  possible  to  determine  the  number 
of  aircraft  expected  to  be  lost  during  the  campaign. 

As  its  most  attractive  feature,  the  goal  programming  model  directly  provides 
the  procurement  variables.  The  procurement  variables,  the  positive  deviates  from 
the  aircraft  and  weapon  availability  goals,  and  are  directly  shown  in  the 
solution.  Consequently,  providing  this  information  eliminated  the  need  for  the  com¬ 
putations  that  JSG  performs  to  determine  procurement  needs.  In  addition,  the  goal 
programming  model  uses  current  inventory  levels  for  right-hand-side  values;  there 
was  no  need  to  relax  the  aircraft  and  weapon  availability  constraints  and  to  make 
the  right-hand-side  values  as  large  as  JSG  assumed  for  procurement  computations. 

Also,  the  goal  programming  model  allows  the  analyst  to  include  the  budget 
figure  in  the  model  and  make  the  budget  constraint  affect  the  procurement  needs. 
Hence,  the  analyst  was  aware  of  whether  or  not  the  budget  designated  to  procurement 
needs  was  adequate.  Changing  the  budget  figures  and  then  running  the  model  also 
provided  further  insight  in  terms  of  simulating  budget  uncertainties. 

6Jf  Probabilistic  Method 

I'lie  prol)abilistic  method  presented  a  critical  concept:  the  concept  of  time. 
In  the  the  Mixmastcr  model,  the  time  concept  was  treated  as  the  duration  of  the 
campaign  specified  by  the  analyst  for  computing  the  total  sorties  that  an  aircraft  flics 
as  rclaled  to  the  attrition  and  sortie  rates.  The  costs,  therefore,  were  fixed  costs  and 
did  not  include  the  time  element.  However,  the  main  driver  of  real-life  conflict  is  time. 
Most  of  the  variables  related  to  conflicts  depend  on  the  time  element.  Moreover, 
there  is  an  uncertainty  issue  associated  with  time.  Under  the.se  circumstances,  the 
research  applied  Sivazlian’s  stochastic  approach,  with  necessary  modifications,  to  the 
Mixmastcr  model.  The  formuhis  that  included  time  as  a  main  driver  were  based  on 
two  i^rimary  assumptions: 


1.  The  iime  in  which  an  aircraft  acquires  a  target  has  a  negative  exponential 
distribution  with  parameter  fx. 

2.  The  occurrence  of  the  enemy  threat  is  a  Poisson  process  with  parameter  A. 

In  the  probabilistic  method,  the  Mixmaster  model  keeps  its  linear  construction; 
however,  the  probabilities,  the  expected  kills  and  the  costs  are  computed  with  a 
dependence  on  time. 

The  probabilistic  approach  allowed  the  analyst  to  play  the  scenario  with  dif¬ 
ferent  aircraft  speeds.  The  speed  factor  was  directly  related  to  the  time  in  which 
the  aircraft  was  subjected  to  a  threat.  The  time  issue  affects  the  attrition  rates, 
the  expected  kills,  and  hence,  the  level  of  achievement  for  the  objective  function. 
However,  it  was  noted  that  the  absolute  requirement  to  produce  sound  and  accurate 
results  was  to  have  good  estimates  of  the  parameters  A  and  /<. 

The  time  dependency  increased  the  accuracy  and  credibility  of  the  numbers 
that  were  used  in  the  Mixmaster  model.  Furthermore,  the  time  dependency  caused 
the  probabilisl'c  method  to  produce  considerably  conservative  results.  When  the 
results  were  compared,  the  probabilistic  approach  destroyed  more  targets  than  the 
simple  cost  employment  did  with  significantly  fewer  aircraft  and  weapons.  The 
research  attributed  this  behavior  to  the  conservative  behavior  of  the  probabilistic 
model.  Although  the  probabilistic  model  introduced  the  time  factor  in  the  com¬ 
putations  of  the  probabilities,  expected  kills  and  costs,  the  procedure  to  determine 
procurement  needs  was  the  same  as  in  the  simple  cost  employment  method,  d'here- 
fore,  the  inobabilistic  approach  did  not  improve  the  model  in  terms  of  determining 
procurement  needs;  however,  the  cost  figures  were  more  reliable  becau.se  of  the  time 
dependency  being  reflected. 
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6.5  Goal  Programming  Version  of  the  Probabilistic  Model 

The  research  applied  the  goal  programming  structure  to  the  probabilistic  model. 
The  goals  were  the  same  as  previously  defined.  The  desired  level  of  achievement  for 
target  value  destroyed  per  dollar  was  borrowed  from  the  probabilistic  method.  Sim¬ 
ilarly,  the  model  kept  its  conservative  behavior  in  terms  of  the  numbers  of  aircraft 
and  weapons  used  to  destroy  the  targets.  That  behavior  is  considered  as  an  advan¬ 
tage  which  avoids  wcisting  resources.  However,  it  was  noted  that  this  advantage  was 
valid  only  as  long  as  the  parameters  A  and  ft  were  accurate. 

The  goal  programming  version  of  the  probabilistic  model  also  provided  the  pro¬ 
curement  variables.  The  positive  deviates  from  the  aircraft  and  weapon  availability 
constraints,  df  and  defined  the  procurement  requirements.  The  right-hand-side 
values  of  the  aircraft  and  weapon  availability  constraints  were  the  current  inventory 
levels.  Therefore,  the  analyst  obtained  direct  insight  on  the  procurement  needs. 

The  budget  figure  was  included  in  the  model  directly  so  that  the  procurement 
variables  associated  with  their  inherent  costs  could  be  subjected  to  a  budget  con¬ 
straint.  In  this  manner,  the  analyst  could  evaluate  whether  or  not  the  designated 
budget  was  adequate  to  meet  procurement  requirements. 

6.6  Conclusions 

The  research  concludes  that  the  leading  constraint  proved  to  be  useful.  The 
leading  constraint  heljis  the  analyst  assess  the  mission.  Significant  marginal  values 
from  the  leading  constiaint  provide  insight  for  improving  the  mission  plan.  The  sim¬ 
ple  cost  employ tnent  modifications  supported  the  utility  of  the  leading  constraint. 
The  complete  cost  model  makes  more  sense  than  the  other  simple  cost  employment 
models  since  it  includes  all  the  costs.  However,  to  determine  the  need  for  procure¬ 
ment,  the  simple  cost  employment  model  requires  furthei  computations,  whereas 
the  goal  programming  model  can  provide  the  analyst  with  the  procurement  needs 
directly.  Also  the  goal  piogramming  model  employs  the  budget  figure  in  its  construe- 


tion.  In  addition,  the  goal  programming  construction  eliminated  the  bias  that  the 
conventional  linear  programming  approach  generates  when  subjected  to  substantial 
cost  differences.  The  goat  programming  model  has  added  flexibility  by  allowing  the 
analyst  to  define  desired  levels  of  achievement. 

The  probabilistic  model  introduces  the  critical  time  issue.  As  long  as  the  pa¬ 
rameters  A  and  are  estimated  accurately,  the  results  obtained  from  the  probabilistic 
model  will  make  more  sense  since  the  time  issue  is  involved.  Furthermore,  the  goal 
programming  construction  of  the  probabilistic  method  offers  more  advantages  by 
incorporating  the  time  issue,  the  procurement  variables  and  the  budget  figure.  Also, 
the  goal  programming  approach  allows  the  analyst  to  define  additional  goals  and  the 
ability  to  strive  for  overachievement  or  underachievement  of  the  goals. 

Finally,  given  that  JSG  uses  the  Mixmaster  model,  modifying  Mixmaster  as 
a  goal  programming  model  is  the  most  appropriate  way  to  incorporate  cost  and 
budget.  The  objectives  of  this  research  are  met  by  employing  a  leading  constraint 
for  tactical  and  operational  accuracy  and  by  applying  a  goal  programming  approach 
which  includes  the  procurement  variables  subject  to  cost  and  budget  limitations. 

6.7  Further  Recommendations. 

The  research  applied  the  modifications  successfully.  The  results  showed  that 
there  are  various  ways  to  solve  the  problems  that  JSG  faces.  However,  the  research 
indicates  that  two  further  enhancements  can  assist  the  model  in  generating  more 
certain  and  more  precise  results.  'I  hese  two  enhancements  are: 

1.  Ranked  goal  programming 

2.  Better  estimates  for  the  parameters  A  and  ft 

6.7.1  Ranked  Coal  Programming.  The  goal  programming  construction  that 
the  research  developed  herein  has  equally-ranked  goals.  Therefore,  one  of  the  goals 
cannot  be  preferred  to  anothei;  all  five  goals  are  evaluated  equally.  But  in  some 


circumstances,  some  goals  can  have  higher  priorities  than  others,  and  there  can  be  a 
case  where  the  decision  maker  wants  to  achieve  a  particular  goal  even  at  the  expense 
of  the  other  goals.  In  that  case,  the  goal  programming  model  can  be  modified 
by  ranking  and  weighting  the  goals  according  to  the  desires  of  the  decision  maker. 
However,  there  is  a  key  requirement  in  order  to  address  this  issue — software  which 
can  be  used  to  solve  ranked  goal  programming  problems.  The  research  recommends 
that  the  goal  programming  model  be  raked  and  run  using  a  ranked  goal  programming 
solver. 


6.1.2  Better  Esthnates  for  A  and  /i  The  probabilistic  method  introduced  the 
time  concept  on  which  most  of  the  computations  depend.  Idie  research  claims  that 
the  computations  depending  on  time  are  more  accurate  and  realistic.  However,  the 
formulas  that  include  time  as  a  main  driver  are  based  on  two  main  assumptions: 

1.  The  time  in  which  an  aircraft  acquires  a  target  has  a  negative  exponential 
distribution  with  parameter  /i. 

2.  d'he  occurrence  of  the  enemy  threat  is  a  Pois.son  process  with  parameter  A. 

No  doubt,  the  probabilistic  model  works  as  long  as  the  parameters  justify  tin;  assump¬ 
tions.  'riierefore,  the  research  also  recommends  further  investigations  to  improve  the 
estimates  for  the  parameters  A  <uul  /i  by  taking  the  “real  life”  combat  clvnamics  into 
account. 
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Appendix  A.  Inventory  Levels  For  Aircraft  and  Weapons 


CURRENT  INVENTORY  LEVELS 


AIRCRAFT  TYPE  1 

AIRCRAFT  TYPE  2 

AIRCRAFT  TYPE  3 

AIRCRAFT  TYPE  4 

160 

220 

100 

150 

WEAPON  TYPE  1 

6000 

WEAPON  TYPE  2 

8000 

WEAPON  TYPE  3 

8000 

WEAl’ON  TYPE  4 

lOOOO 

WEAPON  'I'YPE  5 

10000 

Appendix  B.  Current  Configuration  of  Mixmaster 


m^xTVD  =  J2EEEEE^-’nkdtu,EXKlLar,.kdtu,TGrVALu 


a  m  k  d  i  to 


subject  to: 


EEEEE 

w»  k  d  t  tu 


^aviki 


amkdtw 


TSamIcdt  u;  J 


<  TOACa  for  each  a 


E  E  E  E  E  ^^n.icdtJVPNLD„,,  <  TOWPN,,,  for  each  m 

«  k  d  t  w 

E  E E  E  ^av^kd,u.EXI<lLa,nkdtu>  <  TOTGTkd  for  each  k, d 

a  in  t  ^o 

Lowerbotmd,„„ui^  <  X 

(imkdiw  <  Upperboundamkdiw 


IM 


Appendix  C.  Baseline  Model  of  the.  Research 
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Appendix  D.  Simjtie  Cost  Emplot/merii  Methoils 
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D.6  Inclusion  of  the  Weapon  and  Sortie  Costs 
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.COSTM^WPNLDam  +  SCOST, 


subject  to: 
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D.7  Inclusion  of  the  Aircraft,  Weapon  and  Sortie  Costs 
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a  k  d  t 
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where  the  mission  cost  is 
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Appendix  E.  The.  Goal  Programming  Model 
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where  the  mission  cost  is 


MISCOSTa,M  =  ACCOSTaATlUTT„,nkduu  +  COSTM,JVPNLDa^  +  SCO  ST 


Appendix  F.  The  Probabilistic  Model 
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wlierc  tlie'  mission  cost  is 


TSCOSn,n,k,d,u  =  FIXCOST  +  DURAT10NC0STa,nkd,u 
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Appendix  G.  The.  Goal  Programming  Version  of  the  Probabilistic 

Model 
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EEEEE 
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